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In order to interpret the structure and geology of the Flathead
Lake region in Montana, a combination gravity survey and recon­
naissance geologic map were completed. The gravity survey covers 
over 800 square miles around Flathead Lake while the geologic map
covers 300 square miles west of the southern part of the lake.
Aside from the Quaternary and Tertiary deposits, the sediments 
belong to the Precambrian Belt Supergroup. Typically they consist 
of fine grained, light to medium gray or green elastics. The units, 
from oldest to youngest, consist of the top few hundred feet of the 
Prichard Formation; the Ravalli Group which can be subdivided into 
the Burke, Revett, and Grinnell Formations; and the lower part of the 
Helena Formation. The Belt rocks have been metamorphosed to the 
chlorite or biotite zone of the greenschist facies. Only gross sedi­
mentary structures have been preserved due to this metamorphism.
Flathead Lake marks the trend of the Rocky Mountain Trench in the 
study area. The trench is characterized by elongate, north-south 
trending negative gravity anomalies that are separated by gravity 
highs. In the area studied, lows are located within Flathead Lake 
and to the south of it. These lows are interpreted as part of a 
series of structural basins filled with 3000 to 5000 feet of low 
density valley fill. Within each basin the greatest negative value 
occurs near the base of the Mission Fault, a high angle normal fault 
with an estimated 10,000 to 12,000 feet of displacement. Struc­
tural highs separating the basins are bounded by northwest trending 
splinters of the Mission Fault. The southwest side of Flathead Lake 
is highly faulted with several small basins and one major negative 
gravity anomaly centered over Irvine Flats.
In the map area, the rocks are gently folded with axes trending 
north to northwest. These folds are in turn cut by north, northwest, 
northeast, and east-west trending faults. Folding is the earliest 
recognized structural event in the area. Northwest and northeast 
trending faults are the dominant fault sets in what is defined as the 
central uplifted area. This style of faulting, interpreted as con- 
jungate shears, terminates against north-south trending normal faults 
to the east (Rocky Mountain Trench) and to the west (Little Bitter­
root Valley), and against an east-west right-lateral strike-slip 
fault in the Big Draw. The northwest and northeast trending faults 
have been reactivated and show scissor movement which formed basins 
such as Garceau Gulch and Irvine Flats.
The Big Draw fault is believed to be related to major east-west 
lineaments south of the study area. The fault, based on gravity data, appears to have been downdropped into the Rocky Mountain 
Trench. Minor faulting is still active along the trend of the 
Rocky Mountain Trench.
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INTRODUCTION
In part, the thesis consists of a gravity survey for Flathead Lake 
and the southern Flathead Valley region of Montana (figure 1) . The 
area, covering over 800 square miles, is included on sixteen 7ig-minute 
topographic maps and extends from the Mission Mountains on the east to 
the Salish Mountains on the west, and from Pablo on the south to the 
northern end of Flathead Lake. The entire thesis area below latitude 
47^53*N. lies within the Flathead Indian Reservation.
In addition, a generalized geologic map was prepared covering 300 
square miles west of the lake (figure 1 and plate 2). The area mapped 
consisted of six quadrangles: Elmo, Irvine Lookout Tower, Niarada, 
Buffalo Bridge, Irvine Hill, and Hot Springs NE. It is bound on the 
east by Flathead Valley and on the west by the Little Bitterroot Valley; 
to the north, the southern end of the Hog Heaven Range is included while 
the southern boundary is latitude 47°37'30"N.
Prominent geographical features within the map area include the 
Big Draw, a very deep, straight valley extending to the west from the 
Big Arm embayment which is bounded on the north by the Hog Heaven Range. 
Basins include Irvine Flats, a northwest trending basin in the south­
eastern part of the area, and Garceau Gulch, the largest of a series 
of northeast trending basins along the east side of the Little Bitter­
root Valley. Separating the basins are a series of low, linear moun­
tains with up to 2300 feet of relief.
The area is of interest due to its location within the Rocky 
Mountain Trench, its Basin and Range type faulting, its general rela­
tionship to the structure and geologic history of northwestern Montana,
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and its Pleistocene glacial deposits and land forms.
This study is part of a Montana Water Resources Research Council 
research project under the direction of Dr. Arnold J. Silverman, De­
partment of Geology, University of Montana.
Previous Work
Within the study area itself, there are no published reports on 
the geology except for the broad reconnaissance mapping for the State 
Geologic Map (1955) and the work done by Ross (1963). However, Johns 
(1963, 1964) has mapped directly north of the study area, Shenon and 
Taylor (1936) have described the Hog Heaven Volcanics which extend into 
the area, and Meinzer (1917) has described the ground water resources 
for the Little Bitterroot Valley. Also, recent related theses include 
those by Decker (1968) on Flathead Lake with sections on the lakeshore 
geology and several gravity cross sections, and Smith (1966) on the 
glacial geology of the Big Arm embayment.
Published geophysical studies include a recent areomagnetic survey 
done by the U, S. Geological Survey (1969) which extends into the west­
ern part of the area, and a gravity survey as part of a ground water 
study for the Kalispell Valley north of the area (Konizeski, et al., 
1968).
Regional studies include those by Alden (1953) on the glacial 
history of Western Montana; Ross (1963), and Harrison and Campbell 
(1963) on Belt Supergroup stratigraphy and correlation; and Pardee 
(1953), Leech (1965), J. G. Smith (1965), and Mudge (1970) on the 
structural history of Northwestern Montana.
4
Studies in progress include aeromagnetic and seismic surveys of the 
Flathead Lake area under the direction of Dr. Gary Crosby at the Univer­
sity of Montana, Mr, Gale McMurtrey of the U.S. Geological Survey in 
Helena has completed a gravity survey directly south of this study area. 
Dr. Crosby has also completed a gravity survey of the Swan Range to the 
east, and Mr. Jack Harrison of the U.S. Geological Survey in Denver is 
working on the geology of the eastern half of the Wallace 2^ sheet.
Present Study
This investigation consists of a gravity survey carried out during 
the summers of 1968 and 1969. In order to further help in determining 
the structure of the region, approximately 50 days were spent in the 
field mapping the geology within the western part of the gravity study 
area.
Field work for the mapping was done during the summer and fall of 
1969 and summer of 1970. The geology was mapped on 7^-minute topo­
graphic maps (1:24000), and this data was transferred to the same scale 
map as used in the gravity survey (1:48000). Aerial photographs taken 
by the Bureau of Indian Affairs in 1962 were obtained and used for the 
northern part of the study area. Transportation into the area was by 
pickup truck and minor use of a four-wheel-drive vehicle. Access into 
the area is relatively good, except during the spring rains. In the 
mountains numerous logging roads, many not on present maps, cover most 
of the major ridges.
PHYSIOGRAPHY
Topography and Drainage
The area exhibits a Basin and Range type topography. The ridges 
are long and linear, and aside from the Big Draw area in the north, 
trend either to the northeast or northwest. Big Draw and several 
valleys on the east side of the Little Bitterroot Valley trend more 
east-west. The highest point in the area is found south of Big Draw 
and is at an elevation of 5528 feet (T.23 N., R.22 W., sec. 5).
Except where they have been glaciated in the east, the mountains 
exhibit a topography which appears to be the result of pre-glacial 
stream erosion and dissection. In the northwestern part of the area, 
the volcanic rocks form low ridges rising 400 feet or more above the 
Little Bitterroot Valley, while in the northeastern section, fluvial 
and glacial action have combined to give a more rugged topography form­
ing features such as Chief Cliff and Black Gulch. Within the Big Arm 
embayment, bowlshaped valley patterns are due to terminal moraines which 
have been only slightly eroded since glaciation.
Runoff within the area is slight except during the spring. Even­
tually all the surface drainage enters the Flathead River, either 
directly or by way of the Little Bitterroot River and other minor tri­
butaries.
Climate and Vegetation
The climate of the area is semi-arid. The summers are warm and 
dry with occasional thunderstorms and the winters are cool, damp, and 
cloudy with irregular periods of cold. Maximum precipitation occurs in
6
June. Precipitation values at Poison and Lonepine (southern Little 
Bitterroot Valley) for 1931-1955 averaged 14.66” and 11.27” , respect- 
tively, and the average annual mean temperatures were 45.6°F and 45.4°F, 
respectively (Smith, 1966).
Except where they are irrigated to support hay and grain crops, 
most of the valleys are covered by dry prairie grass. Dense stands of 
Douglas-fir Interspersed with ponderosa pine and western larch cover the 
upper slopes.
Glaciation
Glaciation has been an Important factor in shaping the landscape 
within the area, especially in the eastern section. Previous work 
includes Alden's (1953) study of the glacial geology of western Montana 
and Smith's (1966) study of glacial features in the Big Arm embayment. 
Since glaciation has played an important and interesting role, it will 
be described in some detail.
During the last glacial advance of late Wisconsin age (Smith, 1966),
a finger of the continental glacier flowed down the Flathead Valley 
(figure 2). Near the Big Arm embayment, it split into two lobes; one 
moved southward and extended as far as Poison forming the Poison moraine,
and the other moved westward splitting again. Within the embayment,
the latter lobe formed three terminal moraines at Dayton, Elmo, and 
Big Arm (figure 2; Smith, 1966). The Dayton lobe lies outside the study 
area to the north. The combined action of fluvial and glacial proces­
ses from this glaciation has formed many interesting landforms. Since 
that time very little erosion has occurred, thus there has been little 
modification of the late Pleistocene landscape.
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Two and one—half miles west of Elmo the Elmo moraine lies across 
the Big Draw Valley (figure 3). To the west of the moraine is a 
gravelly outwash surface, with a braided stream pattern easily seem 
from the air (figure 36). Eastward from the crest of the moraine, a 
till- and silt-covered basin slopes gently to the east in an arcuate 
pattern. On the northern side, the raorainal material is covered by 
hummocky-shaped mounds of deltaic deposits from an ice marginal stream 
(Smith, 1966). North of the town of Elmo is a cliff zone, partly 
hidden by the moraine, formed by the same ice marginal stream. Chief 
Cliff, a prominent local landmark, is a product of this erosion (fig­
ures 4, 5). Near the base of the cliff, large, angular boulders which 
were carried by the current can be seen. To the west, this channel 
merges with the outwash deposits of Big Draw.
Big Arm Valley contains a smaller arcuate-shaped morainal deposit 
sloping towards the lake. To the south, the Big Arm moraine has 
dammed a small basin to form Loon Lake. Drainage was also diverted 
during glacial times causing it to flow towards the southwest and into 
Irvine Flats; Black Gulch, a narrow rock gorge, formed at this time.
A kame terrace, which formed on top of the lateral moraine, has filled 
gulches along the eastern side of the valley; the delta from this 
terrace extends into the Loon Lake basin.
The Poison moraine is the largest of the moraines within the area. 
It can easily be traced in an east-west direction south of Poison and 
on the west side of Flathead Lake where the crest trends to the north. 
The moraine is impressive in its size and the fact that it forms the 
dam for Flathead Lake,
Figure 3. Photograph of the eastern end of Big Draw, a 
fault controlled valley, the Elmo moraine lies in the 
center of the photograph with the braided stream pattern 
of the outwash plain extending into the foreground. The 
ice marginal stream and Chief Cliff can be seen to the 
north of the moraine (below the band of trees). The moun­
tains in the background are the Mission and Swan Ranges, 
respectively. Photograph is taken looking towards the 
northeast.
10
Figure 4. Rounded hills of bedrock overridden by the 
glacier directly east of the Chief Cliff. The photo­
graph is taken looking across Big Arm embayment to 
the north.
Il
Figure 5. Aerial view of Chief Cliff with the ice 
marginal stream channel in the center of the photo­
graph. Chief Cliff formed the bedrock wall while the 
ice retreated towards the right in the photo. Black 
Lake can be seen in the upper center of the photograph. 
The picture is taken looking towards the north.
12
Figure 6. A large ice marginal stream channel de­
veloped along the northern side of Big Draw. In the 
background, the Elmo moraine can be seen. The 
small tree-covered hill in the left center of the 
photograph is where the stream has cut through the 
bedrock, leaving a small outlier.
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As the ice retreated, small lakes formed between the ice and 
moraines. White silts, deposited in these lakes, are common along the 
present shores of Flathead Lake. Outlets were cut through each of the 
moraines allowing drainage of the lakes. In the early recessional 
stages, the Elmo and Big Arm glacial lakes drained to the west through 
Big Draw and Black Gulch, respectively. However, in the later reces­
sional stages, these lakes merged with the glacial lake at Poison where 
the outlet was at a lower elevation. Thus, drainage was to the south 
along the present course of the Flathead River. There is some evi­
dence that the preglacial Flathead River flowed through Big Draw then
south through the Little Bitterroot Valley (Meinzer, 1917; Alden, 1953).
West and south of these small glacial lakes. Glacial Lake Missoula 
silts are common throughout the region. Several deltas in the Big Draw
area (T. 24N., R. 22W., sec. 16 and sec. 27, 28) plus a delta south of
Black Gulch (T. 23N., R. 22W., sec. 23) are believed to have formed 
into Glacial Lake Missoula (Smith, 1966). The thickest section of silts 
occurs in Irvine Flats where good exposures can be seen along the 
Flathead River. The best time to view these is during a long dry 
spell. The Little Bitterroot Valley also contains silts along its en­
tire length; these do not appear to be as thick as those in Irvine 
Flats. Near Niarada, the silts have formed a very hummocky surface.
The reason for this is unknown, but may be due to erosion of only a thin 
layer of silt overlying the original valley fill.
There is also evidence of an older period of glaciation within the 
area. Smith (1966) believes it to be of middle Wisconsin age. Expo­
sures of the older morainal material are found in the Big Draw (T24N.,
14
R.23W., sec. 16, figure 7) and Big Arm (T.23N, R.23W., secs. 1, 12) 
Valleys.
15
Figure 7. An older morainal deposit (Qgm) and a delta 
(Qal) which extended into Glacial Lake Missoula seen 
along the northern side of the Big Draw outwash plain.
REGIONAL GEOLOGIC SETTING
The trend of Flathead Lake also marks the trend of the Rocky 
Mountain Trench, **a long, narrow, intermontane depression" (Daly,
1912, p. 596), which extends over 1,000 miles from Montana to Northern 
British Columbia (figure 8). To the east of the map area, either the 
Swan or Mission Ranges marks the trench boundary, while the western 
edge of the lake delineates the western margin. The Little Bitterroot 
Valley to the west forms a minor trench; the area between this valley 
and Flathead Lake will be referred to as the central uplift for pur­
poses of this study. To the south, the trench ends against the Lewis 
and Clark lineament, a zone of right-lateral transverse faults. The 
Jocko Hills, near Ravalli, form the first major east-west structure of 
this trend. South of the Lewis and Clark lineament lies an area of 
numerous batholiths and associated metamorphosed Precambrian Belt 
Supergroup rocks.
The length and straightness of the trench, and its orientation in 
relation to Cordilleran trends, seem to indicate possible major strike- 
slip fault control (Leech, 1965). However, the end of the trench, 
including the study area, only shows evidence of block faulting. Leech 
(1965, p. 307) states: "The contrast between the continuity and length
of the trench as compared to the diversity of its segments, leads to 
the further speculation that the trench may mark an old, deep fracture 
zone that has reasserted itself through the allochthonous veneer."
The Montana overthrust belt lies to the east of the trench. The 
rocks within the study area have probably been involved in this move­
ment and form part of the zone of decollement for these thrusts (Mudge,
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1970). Westward lies a zone of batholiths and associated metamorphic 
rocks extending north through Idaho (King, et al., 1970).
In the study area, the rocks are gently folded with axes trending 
in a north to northwest direction. These folds are in turn cut by 
north, northwest, northeast, and east-west trending faults. A small, 
isolated patch of late orogenic stage volcanics and associated intru- 
sives is found near the northern end of the Little Bitterroot Valley.
Aside from the Quaternary and Tertiary deposits, the sediments in 
the region belong to the Precambrian Belt Supergroup and consist of 
fine-grained elastics with some calcareous units. Both farther north 
and south of the study area are a few outliers of lower Paleozoic 
rocks, indicating that they possibly were widespread within the area 
in the past.
STRATIGRAPHY
Precambrian Belt Supergroup
When studying the Belt Supergroup, one cannot help being im­
pressed by the uniformness of its lithology for such great thicknesses. 
Within the study area, and for most of the Belt Supergroup, the rocks 
are very fine-grained elastics, usually medium silt or finer (Harrison 
and Campbell, 1963). Typically they present a very drab and monotonous 
appearance. Gross sedimentary features are preserved, but the rocks 
are all of low grade regional metamorphic facies (Harrison and Campbell, 
1963). These characteristics plus the apparent cyclic sequence of lith- 
ologies (Smith and Barnes, 1966; Peterson, 1967) make mapping and cor­
relations difficult.
The Belt Supergroup has been divided into four main divisions and 
from oldest to youngest they are: Pre-Ravalli units, Ravalli Group,
Piegan Group, and Missoula Group. Most of the outcrop within the area 
consists of rocks from the Ravalli Group. The overlying Piegan Group 
forms the main carbonate unit throughout Northwestern Montana. Table 1 
gives some general correlations for the lower part of the Belt Supergroup 
in Northwestern Montana.
No estimate of thickness is given within the area due to the faul­
ted nature of the Ravalli and the reconnaissance nature of the mapping. 
Also, only the top of the Prichard Formation is exposed and all but 
the base of the Helena Formation has been eroded. Previous workers in 
areas to the north estimate the thickness of Ravalli at approximately 
10,000 feet (Hall, 1962; Latuszynski, 1962; Johns, 1963).
TABLE 1. GENERALIZED CORRELATIONS OF THE LOWER PART OF THE BELT SUPERGROUP IN NORTHWESTERN MONTANA
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Prichard Formation
Only the top few hundred feet of Prichard are exposed within the 
area. These exposures are found in the extreme southwestern part of 
the area adjacent to the Little Bitterroot Valley. Here the Prichard 
is more brownish—grey rather than its typically reddish-brown weather­
ing color. The most distinctive feature is its flaggy, thin-bedded 
nature. Commonly the Prichard is composed of argillites and thin- 
bedded siltites which are finely laminated in tones of grey and black. 
Biotite porphyroblasts are common, giving the rock a "salt and pepper" 
appearance. Large pyrite cubes are also locally abundant. The transi­
tion from the Prichard to the overlying Burke Formation is mainly a 
transition from the flaggy appearance of the Prichard outcrop to the 
blocky-flaggy appearance of the Burke outcrop. This is due to the 
presence of blocky weathering silt units within the Burke Formation.
The transition zone is very gradual and over 500 feet thick.
Ravalli Group
Rocks of the Ravalli Group are dominantly inter-layered argillites 
and siltites with a quartzitic middle unit. Colors range from light 
to medium grey, commonly with faint green and purple tints. Shallow- 
water features such as ripple marks, mud clasts, mud cracks, and storm 
boulders occur throughout the section.
In the study area, no subdivisions of the Ravalli have been mapped 
However, within the area, Mr, Jack Harrison of the U.S. Geological 
Survey has been able to divide the Ravalli Group into the Burke,
Revett, and Grinnell Formations. The following lithologie descriptions
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are based essentially on time spent with Mr. Harrison examining the 
Ravalli section.
Burke Formation . The contact between the Burke and the under­
lying Prichard is one of the more gradational contacts in the area.
The flaggy Prichard gradually grades into the distinctive blocky-flaggy 
structure of the Burke through an interval of a few hundred feet.
Quartzites in the Burke are rare, and the blocky-flaggy nature is 
due to interbedded argillites and siltites. Toward the base the rocks 
become darker grey or purplish grey in color; light green argillites are 
also found near the base. The upper Burke is similar in lithology to 
Grinnell rocks. Commonly, the Burke shows a distinctive dark, almost 
black, inner weathering rim with a thin, light grey outer weathering 
rim. Magnetite, altered to hematite, is very abundant and towards the 
base cubes of pyrite begin to appear. The basal Burke appears less 
resistant to weathering since the Burke-Prichard contact often forms a 
saddle. This can be seen in several places along the Little Bitterroot 
Valley; the best example is in section 31 of T.23N., R.23W. (Harrison, 
1970, personal communication).
Revett Formation. Both the top and base of the Revett are marked 
by light grey, fine-grained, thick, blocky quartzites. Between these 
units are a mixture of quartzites, up to 20 or 30 feet thick, and rocks 
with a Grinnell lithology of light greenish and purplish argillites. 
Quartzites appear more common and thicker towards the top. The total 
thickness of the Revett appears to be less than 1,000 feet. Very dis­
tinctive blocky talus slopes are a common weathering feature of the 
Revett (figure 11). However, it is still necessary to examine the
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outcrop for positive identification.
Grinnell Formation. Most of the outcrops along the southwest 
shore of Flathead Lake belong to the Grinnell Formation. The basic 
lithology is a light greenish to purplish-grey argillite. In addition, 
some thin quartzites, up to one and one-half feet thick, are found near 
the base of the unit. A thick quartzite, similar to the Revett 
quartzites, is also found towards the middle (Harrison, 1970, personal 
communication). Towards the top, waxy, green, often calcareous argil­
lites frequently appear. Mudcracks and other shallow-water features are 
very common throughout the section (figure 12).
Petrology. Although gross sedimentary features are still easily 
recognized, the Belt rocks are actually metasediments. Approximately 
40 thin sections of Ravalli Group rocks were examined. All appear to 
belong to the biotite zone of the greenschist facies.
The quartz Is typically found as strained interlocking grains in 
the siltites and quartzites, or as individual, separate grains sur­
rounded on all sides by fine sercite and chlorite (figure 13). The 
percentage of quartz varies from 40 to 80 percent depending on the rock 
type. In the siltites and quartzites, plagioclase of approximately 
^*25-30 composition may be found in amounts up to five percent.
Commonly it is twinned and fairly fresh in appearance. Generally, the 
finer grained the rock, the less plagioclase it contains. Although a 
few grains of microcline were found, the apparent biaxial nature of the 
quartz made observations of untwinned feldspar difficult.
Typically the mica is fine-grained sercite and chlorite (figures 
14, 15). Besides the sercite, muscovite occurs as large, bent, detrital
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Figure 10. A typical exposure of interbedded argillite 
and siltite found in the Ravalli Group in the study area. 
The siltite has a blocky appearance due to well developed 
jointing while the argillite shows a flow cleavage at a 
50 to 60 degree angle to the bedding.
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Figure 11. A typical talus slope developed from 
Revett quartzite. Lake Missoula silts are in the 
foreground. The photograph is of hill directly 
east of the town of Niarada.
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Figure 12. A clast of silty quartzite embedded in 
a siltstone matrix. The lithology of the clast is 
similar to the bed in the lower left part of the 
photograph. The exposure is on the Irvine Hill road 
(T. 23N., R. 22W. , sec. 31).
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Figure 13. A photomicrograph of fine grained 
quartzite which shows the association of minor 
amounts of sercite with the quartz. The quartz 
is elongated in the direction of the foliation 
of the sercite.
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Figure 14. A photomicrograph of an argillite with two 
stages of mica. The coarse muscovite is detrital and 
the sercite has formed during low grade regional 
metamorphism. Some minor quartz and black opaques are 
also present (thin section TILTl-10-16).
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Figure 15. Photomicrograph of a well developed folia­
tion in a clast of argillite found in a siltite matrix 
(thin section TIH2-10-23).
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grains (figure 14). The biotite is associated with the sercite and 
chlorite as small, almost colorless to light green, randomly oriented, 
poikilltic porphyroblasts or as large pleochroic brown, detrital grains 
which are often closely associated with the black, opaques.
Deer, Howie, and Zussman (1962) state that the color of biotite 
is due to a balance of the Ti0 2  content and the ratio of 
^^2^3^^^®2^3 ^ FeO). A light green color can indicate a high ferric 
iron content in relation to the TiO^ content. The biotite may have 
formed from normal regional metamorphism of chlorite, muscovite, and 
iron ore, or from alteration of a more pleochroic brown biotite giving 
green biotite, muscovite, sercite, clay minerals, leucoxene, rutile, 
and/or sulfides (Deer, Howie, and Zussman, 1962).
The light greenish and purplish tints often found in the upper 
part of the Ravalli appear to be due, at least in part, to green 
chlorite and biotite. In the slltler areas of the rock, where there is 
abundant green chlorite, a light green color can be observed. However, 
in the more arglllitic areas, the green color of the chlorite is either 
masked or blends in with the very fine nature of the quartz, sercite, 
and fine opaques to give a light purplish color. The purplish tint may 
be due to fine opaques.
Opaques found in thin section include hematite, altering from 
magnetite, leucoxene, limonite, and possibly ilmenite. The iron oxides 
frequently form quite large crystals and are not primary (figure 16). 
The opaques often form up to 10 percent of the rock and, aside from the 
scattered large grains, are usually very fine, similar in size to the 
sercite; frequently they occur as lenses or layers.
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Figure 16. A photomicrograph of a poorly sorted mixture 
of argillite clasts in a siltite matrix found with large 
diagenetically formed magnetite which has weathered to 
hematite. The large opaque in the center of the photo 
shows an association of iron oxide—plagioclase-chlorite 
(thin section TE3-10-22).
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Other minerals, found only in trace amounts, include: epidote,
zircon, tourmaline, apatite, sphene, and one large patch of opal.
The sercite shows very clearly the cleaved nature of most of the 
rocks (figure 15)• This foliation commonly cuts across the original 
stratification at an angle of 40 to 50 degrees. The quartz, where it 
forms interlocking grains, is also elongated in the direction of the 
foliation (figure 13).
The argillites show a cracked and clast-like appearance with a fine 
quartz-sercite matrix filling in between the clasts (figures 15, 16). 
Some of the quartzites and siltites are fairly pure, but sercite is 
always present. The quartzites are fine-grained with maximum grain 
size being approximately 0.2 mm.
Alteration. Along possible fault zones, especially in the northern 
Niarada Quadrangle near the volcanics, the argillites and quartzites 
have been altered to a light brown to yellowish-brown color. Johns 
(1963) refers to this as a bleaching due to hydrothermal solutions.
In these areas, the quartzites form a soft friable sandstone. Except 
for the matrix, mineral changes do not appear to be pronounced. The 
matrix consists of light brown opaques probably clay minerals and iron 
oxides.
Quartz veins, often slightly mineralized, are common in the area, 
increase in size and abundance towards the north, and appear to be more 
abundant in the siltites and quartzites. The large quartz grains show 
undulose extinction as do the quartzites and possibly formed during 
metamorphism or shortly afterwards. However, evidence is slight for 
dating the veins.
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Helena Formation
Only the lowermost Helena Formation is found in the study area. 
Outcrops of Helena Formation are located in the southwestern part of 
the Irvine Hill Quadrangle along the southern part of the long ridge.
No contact is shown on the map due to lack of accessibility when this 
area was mapped. Two thin sections were made of the Helena lithology 
found in this area.
Although perhaps not representative of the section, the predominant 
lithology is a light to medium green, laminated, slightly calcareous 
argillite, thinly and irregularly interlayered with silty argillites.
A highly sheared dark green argillite is also abundant. Broken clasts 
of green argillite in a silt matrix are common. Possible stromatolitic 
and molar tooth structures were identified indicating the former pres­
ence of algae. In thin section, calcite was found along what appear 
to be stromatolitic laminations. A large mudcrack or burrow-like 
structure was found in the same rock as the molar tooth structure. 
Besides sercite, fine green chlorite forms 10 to 20 percent of the 
minerals identified and possibly gives the rocks their light green 
color.
Hog Heaven Volcanics
Late orogenic volcanic rocks consisting of andesitic tuffs and 
possible flows occur in the northern part of the Niarada Quadrangle.
They are part of a more extensive occurrence of related flows, tuffs, 
and intrusives to the north, centered around the Hog Heaven mining 
district and covering approximately 25 square miles. Neither Shenon
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and Taylor (1936) nor Page (1963) have subdivided the volcanic units 
on their geologic maps; however. Page (personal communication, 1970) 
did some preliminary mapping in this direction.
The age of the extrusives is unknown. They appear to be Late 
Tertiary or Early Pleistocene (Page, 1963). They are obviously pre- 
Wisconsin from the nature of the contacts with the glacial deposits.
The flows and tuffs were deposited on the old land surface often 
cementing the underlying pediments and stream gravels into conglomerates 
(figure 17). For lack of more accurate dating,.the volcanics will be 
considered Late Tertiary in age and typically overlie Late Tertiary 
conglomerates which were mapped with the volcanic rocks.
Although the gross form of the volcanics appears to have been 
preserved, cones or related features were not found. In T.24N., R.23W., 
sec. 8, a possible volcanic breccia or conglomerate overlies the vol­
canics .
In places it appears the cement for the conglomerates may have 
originally been volcanic, but now it is typically an iron oxide and 
clay cement. In addition, pebbles of Ravalli are found within the 
volcanic rocks (figure 18). Shenon and Taylor (1936) suggest that this 
is evidence for water-laid deposits. However, the pebbles were probably 
incorporated in the volcanic rocks from the old land surface, espec­
ially if the volcanics were erupted as ash-flow tuffs (Ross and Smith, 
1960). In T.24N., R.24W., sec. 23, a crumbly, brownish tuff is found 
interbedded with stream gravels (figure 19) indicating that water-laid 
deposits are present. Page (1963) states that in many cases the vol­
canic deposits dammed streams and gravel deposits were formed behind
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Figure 17. A Tertiary conglomerate formed by the 
cementation of pediment gravels during extrusion 
of the volcanics (T.24N., R.24W., sec. 1).
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Figure 18. Weathered tuffs with inclusions of 
Ravalli pebbles that were incorporated in the 
tuffs. Photograph was taken near Sullivan Hill.
38
Figure 19. Interbedded stream gravels and altered 
volcanic tuffs found in a quarry just west of the 
study area (T.24N., R.24W., sec. 23).
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these dams. Remnants of these gravels occur to the north of the study 
area.
The volcanic rocks within the area appear to be altered andesitic 
tuffs. Variations in their appearance are due mainly to the degree of 
weathering and alteration. In places the volcanics have almost com­
pletely altered to a white clay with pebbles of Ravalli interspersed 
throughout this matrix (figure 18). Other exposures are much fresher, 
often showing original textures in the matrix and only slight altera­
tion to clays. All the volcanic rocks are very lightweight and porous, 
the result of both primary and secondary effects. Colors range from 
white to light grey except where altered to various shades of brown 
along solution zones. Except where clay alteration is intense, the 
volcanics weather to a very dark grey, vuggy rock. In some thin 
sections, pieces of Ravalli siltstone have been partially incorporated 
in the matrix indicating that they were extruded with volcanic frag­
ments. At one exposure (T.24N., R.23W., sec. 4) crude columnar joint­
ing was noted.
Besides inclusions of Ravalli rocks, phenocrysts include broken 
fragments of sanidine, plagioclase An^^_^Q showing twinning and 
oscillatory zoning, some quartz, and biotite which is pleochroic black 
to dark brown. Accessory minerals include zircon, apatite, and 
rutile. Large cubes of hematite are at times associated with the 
Ravalli inclus ions.
In many cases, the groundmass has been so altered to fine clays
and iron oxides that little of the original texture can be seen in
thin section. However, possible pumice fragments may be seen in some 
sections.
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Thin section TN6-8—6 is one of the least altered specimens (fig­
ures 20, 21). Flow structure is well preserved, and possible glass 
fragments still exist. The matrix material appears to consist mainly 
of very fine clays.
Thin sections TN8-8-15 and TN9-8—15 are slightly different and 
come from a small area (T.24N., R.23W., sec. 5) surrounded by more 
typical volcanic rocks. In hand specimen the samples are white, 
slightly denser and less vuggy than the typical volcanics, and contain 
only small fragments of altered Ravalli rocks. In thin section, the 
matrix shows areas of glass, altered shards, frequent boxes of kao- 
linite, and large areas of finely crystalling tridymite (?). Larson 
(1936) notes that tridymite is an abundant mineral in tuffs where it 
forms part of the binder by crystallizing after the tuff was deposited. 
In addition, black opaques are common. Phenocrysts of sanidine are 
abundant» but plagioclase is scarce. Unlike TN6-8-6, flow structure 
was not noted.
In summary, the volcanic rocks in the region appear to be fairly 
recent deposits of volcanic tuffs. They were extruded into the mapped 
area mainly from the north, possibly as ash—flow tuffs filling in the 
valleys, burying the old land surface, and altering the pediment and 
stream gravels to conglomerates.
Tertiary Sediments
Tertiary sediments were not mapped within the area; however, there 
is evidence that they are present and include the conglomerate which, 
in places, underlies the volcanics. Page (1963) has reported finding 
conglomerates and brown sandstones with plant remains Just north of
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Figure 20. Photomicrograph of a tuff (thin section 
TN6-8-6) which shows a mixture of glass fragments 
(center of the photograph), phenocrysts of feldspar, and 
a large inclusion of Ravalli argillite with newly 
developed chlorite (upper part of photo). The 
matrix consists mainly of fine clays and some iron oxides
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Figure 21. Photomicrograph of an altered phenocryst 
found in sample TN6—8—6.
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Figure 22. Photomicrograph of an apparent devitrified 
glass fragment found in sample TN9-8-15.
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this study area. These underlie the volcanics or occur under Quaterna­
ry terrace gravels.
Volcanic ash is reported in many well logs, and some records also 
indicate possible Tertiary sediments. For instance, a well drilled by 
Liberty Drilling for Harry Ross at Big Arm (T.24N., R.21W., sec. 33) 
hit a very dirty brown sandstone at 297 feet, and at 316 feet Ravalli 
rocks were penetrated. Overlying the sand is a mixture of silty clays, 
sands, and gravels. A well drilled in T.23N., R.21W,, center of sec.
24 recently encountered a brown sandstone at a depth of 88 feet. It 
is quite reasonable to expect that in most of the valleys in the study 
area there is a sequence of Tertiary sediments. It is likely that these 
may be exposed in a few places along major streams and could be located 
with further field examination.
Quaternary Deposits
Pediment gravels. Many examples of pediment surfaces can be seen 
within the study area (figure 33). The gravels are very poorly sorted, 
blocky, and consist of rocks derived from the surrounding hills (fig­
ure 23). Normally, the method of mapping pediments was based on the 
break in slope between the bedrock and pediment surface; usually this 
is easy to observe on aerial photographs or in the field. In a few 
instances, outcrops were observed on the pediment slopes indicating 
only a thin cover of gravels. If the outcrops of bedrock were large 
enough, they were mapped separately.
Landslides. In one instance, the hummocky surface of a landslide 
was observed on aerial photographs within the previously mentioned 
pediment gravels. It occurs on the west side of the map area in
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Sullivan Gulch.
Alluvium. Besides recent stream deposits, glacial outwash is 
also mapped as Qal. Outwash deposits are found in Big Draw, Big Arm, 
and west of Poison. Several deltas associated with glacial lakes are 
also mapped as alluvium. The glacial outwash consists of well- 
stratified pebbles and cobbles in a sandy matrix. Frequently the de­
posits are quarried for road fill by the State Highway Commission.
The present stream deposits are small in extent and are typically de­
rived from the finer material of pediment gravels or glacial silts.
Glacial till. Glacial till includes poorly sorted, unstratified 
material deposited by both end and ground moraines. Cobbles are 
typically the largest common material with a few large boulders also 
present. Contacts between till and bedrock on tree-covered hillsides 
are only approximate. Normally there is a thin covering of till on the 
hillsides with small outcrops of bedrock scattered throughout the till. 
Exposures of till are found in Big Draw, Big Arm, and Poison Valleys. 
The contacts between the till and glacial outwash are commonly 
gradational.
Glacial silt. White to grey glacial silt from Lake Missoula and 
other smaller lakes, such as the Big Arm, Big Draw, and Poison glacial 
lakes, is widespread in the basins. The silts often contain little 
stringers of sand to pebble size material and are commonly varved. 
Small, irregular patches of silt occur on top of the ground moraine in 
the Big Arm embayment. These deposits were not mapped separately.
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Figure 23. An exposure of angular pediment gravels 
found in Garceau Gulch. See figure 33 for a photograph 
of the pediment surface in Garceau Gulch.
GEOPHYSICAL STUDIES
Gravity Survey
A gravity survey was undertaken during the summers of 1968 and 
1969 for the Flathead Lake region (figure 1). The survey consists of 
400 stations on land plus 34 stations occupied on the lake by Profes­
sors Silverman and Crosby. The lake stations were reduced and corrected 
by the U.S. Army Map Service. Mr. Gary Decker took the readings for 
approximately two-thirds of the land survey stations during 1968. The 
remainder were completed by the author during 1969. Including the lake, 
approximately 835 square miles were covered by the survey. In the 
Mission, Irvine Flats, and Little Bitterroot Valleys, the density of 
the stations Is close to one per square mile. The density In the 
mountainous regions Is much less, with stations mainly concentrated 
along roads and ridges. The survey ties in with the U.S. Geological 
Survey work to the north and south (Konizeskl, al̂ . , 1968; McMurtrey, 
unpublished data, 1969). Thus gravity contour lines are extended both 
to the north and south of the actual survey to better Interpret gravity 
anomalies.
A portable Worden Gravimeter No. 731, with a sensitivity of 
0.0877 milllgals per dial division, was used. Three dial readings 
were taken at each station and then averaged. Drift curves were 
determined by returning to the base station approximately every three 
hours or by reoccupying several of the stations previously occupied 
during the day.
Three base stations were used for the survey. The Pablo base 
station was set up by the U.S. Geological Survey, and ties to the
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Kallspell airport station with a reported absolute gravity of 
980581.9 mgals (U.S. Air Force base station). The Big Arm and Valley 
View School base stations were tied to the Pablo station by reoccupying 
each station at least three times.
Elevations for each station were taken from recent U.S. Geological 
Survey 7^5-foot topographic maps and were either bench marks or spot 
elevations. In more rugged areas, a few elevations were estimated, 
giving an error of + 10 feet. However, in most cases the determined 
elevation is believed to be within 5 feet, giving a maximum error due 
to elevation of 0.3 milligals.
Standard crustal density of 2.67 g/cc was used for the Bouguer and 
terrain corrections. The datum for final reductions was to mean sea 
level. Terrain corrections were made for 87 of the stations using the 
terrain correction zone chart designed by Hammer (1939). All correct­
ions were carried out to zone K. The largest correction was 10.40 mgals 
with most averaging around 1 to 2 mgals. These stations were contoured 
on a map and the corrections for the remaining stations determined by 
interpolation. The error for these interpolated stations probably 
averages 0.3 mgal. For most stations, the estimated maximum error 
due to terrain is less than 1.0 mgal.
The gravity survey was undertaken to: aid in interpreting sub­
surface features in the areas covered by valley fill, determine the 
approximate depth of valley fill, locate the position of significant 
faults, and to provide further information for later groundwater studies.
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Gravity Interpretations
2 Study area (figure 24) shows a series of 
highly elongated gravity lows trending northward along the front of the 
Mission Range. To the west, smaller negative anomalies trend north­
eastward, northwestward, and east-west. The western margin of the sur­
vey shows a series of small elongated negative anomalies trending 
northward along the Little Bitterroot Valley. Based on results of 
previous workers (Cook, e^ al̂ . , 1964; Stewart, 1958; Garland and 
Kanasewich, 1961; and Thompson, 1962), these negative anomalies are X
Interpreted as structural basins due to faulting and are filled with 
Tertiary and Quaternary sediments of lesser density than the surrounding 
bedrock mountains.
Eight cross sections were constructed across major negative anoma­
lies. Estimates of basin thicknesses and locations of faults within 
the basins have been based on these sections. The derived thicknesses 
should be considered minimum values. This is due to the presence of 
closely spaced faults and the use of a constant value for the density 
contrast over an entire valley thickness. Faults found within the 
basins by this method correlate very well with the surrounding bedrock 
geology.
An average density contrast of 0.5 g/cc was used for calculations. 
This is based on a density of 2.7 g/cc for the Belt Supergroup and 2,2 
g/cc for the valley fill (Cook, et al., 1964; Thompson, 1962). In 
addition, some cross sections were also computed using density contrasts 
of 0,4 and 0.6 g/cc in order to arrive at an estimate of possible 
variations in computed thickness. The extrusive rocks are generally
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similar in density to the valley fill and are also too thin to be of 
much concern. Cross sections are based on a computer program written 
by Sidney Prahl (Appendix B). Each negative gravity anomaly cross 
section will be discussed separately beginning with those within the 
Flathead Valley,
Poison Moraine gravity anomaly (A—A*). The east—west cross section 
south of Poison was taken through the center of the Poison basin (fig­
ure 25), one of a series of basins within the Rocky Mountain Trench.
The cross section indicates a highly faulted area of horsts and grabens 
with the deepest thickness of valley fill near the Mission Fault. The 
estimated thickness of valley fill for a density contrast of 0.5 g/cc 
is 3,000 feet; using a different regional gradient, thicknesses up to 
4,600 feet were obtained. An accurate estimate of the thickness is 
difficult to obtain since the profile on the eastern side is approxi­
mated due to lack of data from the Mission Mountains, however, the lo­
cation of the faults is believed to be accurate. There are no bedrock 
outcrops on the eastern side of the cross section, but outcrops occur 
directly to the south and northwest, indicating that there is a bedrock 
high near Poison. Also, a well drilled for Mr. Keith McCurdy reached 
bedrock at a depth of 124 feet in T.22N., R.20W., sec. 8, SE^, SE*& 
based on the driller's log. Assuming normal faulting with a theo­
retical dip of 60° (Hubbert, 1951), a rough minimum estimate (for the 
length of the cross section) of Ih miles of net crustal extension is 
calculated for the faults present. It is also estimated that there 
has been 10,000 to 12,000 feet of vertical displacement along the 
Mission Fault in this area.
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Skidoo Bay gravity anomaly (B-B*, C-C*). At Skldoo Bay (figues 
26, 27) a section of the Mission Fault appears to trend toward the 
northwest and project out into the lake. At this same locality another 
section of the Mission Fault appears to continue northward along the 
front of the Missions. The area in the vicinity of Skidoo Bay is a 
structural high between two basins bordering the Mission front. Simi­
lar structural highs are found all along the Rocky Mountain Trench 
(Garland and Kanasewich, 1961; McMurtrey, unpublished data, 1969).
Two sections were made through Skidoo Bay. The southern section 
(B-B*) shows only one faint fault located along the western edge. No 
trace of the large Mission Fault can be seen, although it probably lies 
further to the east. Section C-C' shows two bounding faults, one of 
which appears to be the Mission Fault.
Bedrock outcrops occur both to the east and west of the sections. 
Section B-B* appears to have only 500-600 feet of valley fill while 
section C-C* to the north contains almost 1,100 feet of valley fill, 
using a density contrast of 0.5 g/cc.
Flathead Lake gravity anomaly (D-D*). Section D-D* is an east-west 
cross section through the Flathead Lake basin centered in the middle of 
the lake (figure 28). Once again, the Mission Fault shows up very 
clearly along the eastern side. The gradient of the bedrock surface on 
the the western side appears to be very smooth and gentle, indicating 
either a few minor faults or a lack of faulting. A lack of stations 
on the lake near this profile has also caused some smoothing. Aside 
from the Mission Fault, only a few faults near the center of the basin 
could be distinguished. As in the Poison basin, the deepest part of
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Figure 27. An aerial photograph of Skidoo Bay and 
Finley Point showing a structurally positive area formed 
along the Mission Front between the Poison and Flathead 
Lake basins. The photograph is taken looking slightly 
northeast.
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the Flathead Lake basin is also on the eastern side, near the Mission 
Fault, where there is an estimated thickness of 4,600 feet of valley 
fill based on a density contrast of 0.5 g/cc. An estimate of 1.7 
miles of crustal extension can be made on the basis of faults shown on 
the cross section.
Near the northern end of the lake, it appears that a fault cuts 
across the basin towards the northwest forming a slight structural high 
and dividing the basin into two parts, the Flathead Lake basin and the 
northern Flathead Lake basin (figure 24).
Irvine Flats gravity anomaly (E-E*). The Irvine Flats basin is the 
largest of the structural basins within the central uplift (figures 
29, 30). It forms a deep and steepsided graben which is highly faulted. 
Many of these faults can be traced northward into the bedrock geology. 
The faults on the eastern side are well defined. The western side, how­
ever, resembles the Flathead Lake section with few well-defined faults. 
In this case, it is believed that the western side contains many rela­
tively small step faults, rather than a few large faults. The slopes 
north of Irvine Creek show many north to northwest trending lineaments 
both in the bedrock geology and as trends of streams in the pediment 
gravels. This gives some support to the interpretation of a highly 
faulted western side of the basin.
Bedrock surrounds the basin on three sides and is at a very shallow 
depth on the south side. As an example, a well drilled just southwest 
of the basin for Mr. T. D. Forman in T.22N., R.21W., sec. 29, SEk, NE%% 
reaches the Ravalli Group at a depth of 448 feet according to the 
driller's log. In the center of the basin, a depth of approximately
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Figure 30. A photograph of Irvine Flats as seen 
from the northwest with the Mission Range in the 
background. Loon Lake basin is to the far left 
center of the photograph. The two ridges forming 
the basin join near the center of the photograph.
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3,500 feet to bedrock is Indicated for a density contrast of 0.5 g/cc
with a range of 2,700 to 4,500 feet for density contrasts of 0.6 and
0.4 g/cc, respectively.
Southern Little Bitterroot Valley gravity anomaly (F-F*).
The southern Little Bitterroot Valley is a fairly narrow and deep 
valley trending to the northwest (figure 31). It appears to be a fault 
graben with the faults continuing to the north along the east side of 
the central Little Bitterroot Valley. Big Draw and the Little Bitter­
root Valley have been proposed as the pre-glacial channel for the 
Flathead River (Meinzer, 1917). The gravity data indicates nothing to 
dispute this hypothesis and, in fact, offers further confirmation since 
it is rather difficult to imagine the present river depositing 1,200 
feet of valley fill in such a narrow channel. If this channel were 
only erosional, rather than structural, one would expect much less 
valley fill. This would seem to indicate that the preglacial course
of the river west of the lake was structurally controlled.
Garceau Gulch gravity anomaly (G-G*). Garceau Gulch is the 
largest of several valleys along the east front of the Little Bitter­
root Valley (figues 32, 33). The gulch trends northeast and is sur­
rounded on three sides by bedrock mountains. No major streams enter 
the valley, yet Garceau Gulch contains approximately 1,000 feet of fill. 
It is likely that this consists mainly of pediment gravels from the 
surrounding hills. One large fault is indicated on the gravity cross 
section; there are probably also smaller faults continuing across the 
basin. This fault zone appears to have a displacement of at least 3,000 
feet.
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Central Little Bitterroot Valley gravity anomaly (H-H*). The 
central Little Bitterroot Valley is a large, wide depression (figure 
34). Its western margin marks the beginning of the Salish Mountains 
and the Salish Fault zone. Within the valley, several large faults 
are apparent on the cross section; however, the main Salish Fault may 
occur further to the west. The faults in the valley trend in a north 
to northwestern direction. Along the eastern margin, these faults 
appear to cut off several major northeast and east trending faults. A 
displacement of at least 2,500 feet is estimated on the eastern side of 
the valley. The amount of valley fill is estimated to be between 750 
and 1,200 feet for density contrasts of 0.6 and 0.4 g/cc, respectively.
A density contrast of 0.5 g/cc gives a thickness of approximately 900 
feet. The valley profile is rather wide in this location, and the 
Little Bitterroot Valley would be a likely channel for the pre-Wisconsin 
Flathead River. As in the Flathead Valley, a series of structural 
basins along the length of the valley are separated by highs; however, 
the magnitude of these basins is much smaller.
By extending the gravity survey to the north, it may be possible 
to locate the channel that introduced the igneous rocks into the area. 
The fact that the gravity anomaly along the Little Bitterroot Valley is 
much smaller in relation to other anomalies, especially the Flathead 
Valley, may be evidence that a higher density intrusion may exist at 
depth. Near the Big Draw fault zone, the magma could have spread 
laterally and been extruded along fractures at the northern end of the 
Little Bitterroot Valley.
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Figure 33. Photograph of the pediment filled valley of 
Garceau Gulch looking towards the west with the Salish 
Range in the background.
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Big Draw gravity anomaly (I-I*). The Big Draw area (figures 
35, 36, 37) presents problems in a gravity interpretation due to the 
fact that the valley is very deep and narrow. Thus, the anomalies due 
to fault end effects tend to cancel each other, giving a much smaller 
total anomaly. Therefore, the estimate of 300 to 400 feet of valley 
fill should be considered a minimum. On the gravity cross section, 
faults were difficult to locate. It is believed that the main fault 
coincident with the valley is a right-lateral strike-slip fault.
Toward the west, the fault follows the base of the valley and trends 
off to the northwest where it forms the Shroder Creek fault of Page 
(1963); this has also been defined as right-lateral strike-slip move­
ment. In the very northwest corner of the gravity survey, the gravity 
contours appear to be starting to bend in an east-west direction, and 
may be an expression of the Shroder Creek-Big Draw fault zone. At the 
northern end of the Little Bitterroot Valley, the fault is obscured 
by the presence of igneous rocks and north-trending faults.
The Big Draw gravity anomaly ends near Wild Horse Island where it 
is cut off by an active northwest-trending fault that intersects the 
town of Procter, Although the northern side of Big Draw has been 
faulted, the gravity cross section is not detailed enough to accurately 
locate the position of the faulting.
Other gravity anomalies. Many smaller anomalies show up on the 
Bouguer gravity map when it is studied in detail. These include 
features such as the subsurface bedrock high trending northward from 
the Valley View hills and extending through the small basin northwest of 
Poison (T.23N., R.21W.), An east-west negative anomaly of approximately
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Figure 36. Aerial photograph of the structurally con­
trolled Big Draw valley looking to the east. The Big 
Draw fault trends in a straight line along the south edge 
of the valley and then cuts across the bedrock in the upper 
right part of the photograph. The braided stream pattern 
from the outwash plain is easily seen from the air.
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Figure 37. Aerial photograph of the Big Arm embayment 
looking towards the west. The tri-lobe pattern of the 
embayment is seen with Big Draw forming the center lobe 
and Big Arm valley the lobe to the left.
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4 mgals extends into the lake and forms the northern edge of this trend 
Another east-west anomaly can be seen west of Hot Springs. These east- 
west anomalies may have origins similar to that of the Big Draw anomaly
The Loon Lake basin appears as a small negative anomaly. This is 
a small structural graben which narrows to the south and is one line of 
evidence for northeast-northwest trending faults which form possible 
conjugate shears. Several other faults show up as small negative 
anomalies, such as Deep Draw south of Big Draw, and Sullivan and 
Rattlesnake Gulch along the eastern side of the Little Bitterroot Val­
ley -
Seismic Survey
In the fall of 1969, four seismic experiments were conducted 
using the Department of Geology's seismic reflection equipment. Due 
to equipment problems and poor results from point reflections from 
boulders in the valley fill deposits, no additional lines were shot.
All four experiments were on an east-west line running through the 
north edge of Pablo. Profiles were shot one and one-half and two and 
one-half miles west of Pablo and two and two and one-half miles east of 
Pablo.
Events were difficult to pick due to the poor quality of the 
records. Of the four records, one taken west of Pablo gives events 
which may show the top of the Belt Supergroup (shot #21347). A 
velocity of 7,500 feet/second (Lamb and Smith, 1962) gives an estimated 
thickness of valley fill of 4,000 to 6,400 feet, depending on which 
event is used as the top of the Belt Supergroup. Another record 
(shot #21348, east of Pablo) gives an event for what may be the top of
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the pre-Belt basement. The velocities are questionable, but the top 
probably lies between 15,000 and 25,000 feet below the surface. This 
same record may record the top of the Belt Supergroup at a depth of 
4,400 feet. This value is similar to the results obtained by gravity 
measurements.
Presently, Sidney Prahl of the Department of Geology is doing a 
seismic survey of the lake under the direction of Dr. Gary Crosby.
STRUCTURAL GEOLOGY
General Setting
The rocks within the study area have undergone a long and complex 
history. Regionally, the rocks have been subjected to deformation 
during the formation of the; Montana overthrust belt (Mudge, 1970), 
Rocky Mountain Trench, and the major east-west strike-slip faults such 
as the Hope fault and the Clark Fork lineament.
The rocks can be considered a fairly homogeneous unit of fine­
grained elastics with a thickness measured in tens of thousands of 
feet. Therefore, the implied major changes in stress patterns should 
not be related to lithologie variation. It is often difficult to 
recognize faulting, much less determine displacements and type of 
faulting within this homogeneous sequence of rocks. Thus, interpreta­
tion of structures is tentative and subject to revision with further 
information.
Folding
After or during low-grade regional metamorphism, broad, open, 
gentle folds developed which are the earliest recognized structural 
event. Within the map area, a series of gentle anticlines and synclines 
were developed which continue northward of the study area (Johns, 1963, 
1964). Dips are low, usually averaging 10 to 15 degrees. The folds 
trend slightly west of north and appear to plunge toward the south.
South of Big Draw the area has been so intensely faulted that the folds 
are difficult to recognize. Also, drag folds have apparently developed 
along the faults. Dips steepen towards the southwestern part of the
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area where dips up to 50 degrees west occur. South of the study area, 
in the Little Bitterroot Valley, the beds are vertical, although they 
appear to rapidly flatten again in a short distance.
Presently there is no evidence for the age of folding in the study 
area. Some quartz veins contain lead which may be used for isotope 
dating. Lead isotope dates to the west and north give either Pre- 
cambrian or Tertiary ages. Thus, in the study area folding may be 
related to a Precambrian event or may have occurred during the forma­
tion of the overthrust belt (Harrison, personal communication, 1970).
Faulting
Faulting in the area appears to be of three types:
1. Large-scale north-south trending normal faults.
2. Smaller northwest and northeast trending faults.
3. East-west trending right-lateral strike-slip faults.
Large, normal faults include those similar to the Mission Fault, 
such as the faults along the Little Bitterroot Valley and possibly 
within the Hog Heaven Range which lies north of Big Draw. This style 
of faulting can be considered trench structure, but not necessarily a 
part of the Rocky Mountain Trench.
Northwest and northeast trending faults are the dominant sets in 
the central uplifted area. This style of faulting ends against north- 
south trending normal faults both to the east and west. To the north, 
the faults are displaced by strike-slip movement. The two fault sets 
appear to be of the same age and are interpreted as conjugate shears 
with an angle of separation of approximately 55 to 60 degrees. Possible 
later movements have given a dip-slip component to these faults. They
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Figure 38. Deep Draw in the center of the photograph, 
is a structurally controlled tributary of Big Draw and 
was formed by a large northwest trending fault. The 
photograph is looking toward the south.
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may In fact be scissor faults with displacements increasing toward the 
south. In bedrock outcrops in the northern part of the area, there 
appears to be 1,000 to 3,000 feet of dip-slip movement (Harrison, 
personal communication, 1970) Increasing to 5,000 or more feet to the 
south in basins such as Irvine Flats and Garceau Gulch.
Faulting parallel with Big Draw and possibly also through Sullivan 
Gulch is interpreted as having right-lateral strike-slip movement. The 
Big Draw fault may correlate with Page's (1963) Shroder Creek fault, 
also considered to be a right-lateral strike-slip fault. The amount 
of displacement is believed to be between one and two miles. The evi­
dence for offset is based on offset faults and fold axes along Big Draw.
There is little evidence as to the age relationships between the 
fault types due to the lack of structural control and also the fact that 
some of the faults appear to have been reactivated. However, there are 
pronounced differences in the structural setting west of Flathead Lake 
compared with that adjacent to the lake.
It is postulated that the area west of the lake belongs to a dif­
ferent structural province, one influenced by adjacent strike-slip 
movement, which may be related to the Hope and Clark Fork Fault zones. 
This area resembles structural settings described by Donath (1962) 
and Burchfiel (1965). Originally, the northeast and northwest trending 
faults may have been strike-slip in nature but have since formed a 
strong dip-slip component, possibly coincident in time with the forma­
tion of the trench. The area around Loon Lake is an excellent example 
of these two fault directions. Burchfiel (1965) and Donath (1962) also
found that their conjugate shears developed a later dip-slip 
component•
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It appears that the northwest and northeast trending faults were 
the earliest, followed closely in time by the east-west strike-slip 
faulting, which offset the previous faults. Later, the major north-south 
trending faults developed along with reactivation and dip-slip movement 
of the northwest and northeast trending faults. The Rocky Mountain 
Trench appears to have downdropped the eastern end of the Big Draw fault 
zone into the trench, while the western section of the Big Draw fault 
is obscured by the igneous activity and faulting alont the Little 
Bitterroot Valley. Since the last major phase of faulting, the north 
trending faults along the trench have been periodically reactivated up 
to the present.
The age of faulting is unknown, although it does postdate the 
folding. Since the present topography is mainly fault controlled, the 
latest fault movements are probably relatively young, occurring after 
the formation of the overthrust belt in Early Tertiary time (Mudge,
1970).
Cleavage
A flow cleavage is well developed within the argillites (figure 39); 
this feature has also been reported in surrounding area (Johns, 1964; 
Noble, 1952). Typically, the cleavage trends north 20 to 30 degrees 
west and dips 60 to 70 degrees west, apparently remaining fairly con­
stant in direction and orientation. The cleavage is best developed in 
the argillites, although it can at times be traced into the siltites 
and quartzites. It is easy to confuse with bedding, but cuts the actual
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bedding at a high angle. The cleavage is also prominent in thin 
sections (figure 15). The exact relationship of the cleavage to the 
structural history of the region is unknown at this time; however, it 
is probably related to the large-scale folding.
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Figure 39. An exposure of well developed flow 
cleavage found in dark green argillites at the base 
of the Helena Formation (T. 22N, R. 22W., sec. 18).
CONCLUSIONS AND SWÎMARY OF THE GEOLOGIC 
HISTORY OF THE REGION
1. Deposition of Beltian sediments occurred during Middle 
and Late Precambrian time. These consisted mainly of fine-grained, 
shallow—water elastics with some carbonates.
2. Regional metamorphism has converted the Belt sediments 
into the biotite zone of the greenschist facies. This probably occurred 
after the deposition of approximately 50,000 to 70,000 feet of sedi­
ments by Late Precambrian time.
3. With the evolution of the overthrust belt to the east, 
bedding plane thrusts (Mudge, 1970) developed. Mudge (1970) believes 
the overthrust belt originated in Early Tertiary time and was associated 
with the broadscale uplift and erosion of Paleozoic and Beltian rocks
in the vicinity of the study area.
4. The formation of the north-trending broad, open folds 
may be either Precambrian or Tertiary in age, or both. The folds may 
be related to a Precambrian metamorphic event or to the folding which 
accompanied the formation of the Montana overthrust belt. These broad, 
open folds occur on the east limb of a large north-south trending anti­
clinorium whose axis lies directly west of the study area, near the 
town of Hot Springs.
5. The development of northwest and northeast trending 
conjugate shears preceded but was closely related in time and origin 
to the east-west right-lateral strike-slip faulting. This event may
be a northern extension of the formation of the major east-west trending
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lineaments to the south.
6. The development of north-trending normal faults forming 
the Rocky Mountain Trench in Late Tertiary time was accompanied by 
dip-slip movement along previous northeast—northwest trending fault 
sets.
7. In the western part of the area, intrusion of magma 
along intersecting fault zones and extrusion of late orogenic stage
volcanic tuffs and flows occurred in Late Tertiary or Early Pleisto­
cene time. Accompanying this episode, late-stage fluids brought about 
then alteration of the tuffs and the formation of mineral deposits 
north of the study area.
8. Reactivation of north trending faults occurred along 
with new faulting within the volcanic rocks.
9. Wisconsin age glaciation lead to the damming of
Flathead Lake and alteration of the course of the Flathead River.
10. Erosion with some minor active faulting continues 
to the present along the trend of the Rocky Mountain Trench.
APPENDIX A 
CALCULATION OF GRAVITY ANOMALIES
A program for the calculation of gravity anomalies was written 
for purposes of this thesis. The program is written in Fortran II for 
the University of Montana's IBM 1620 computer, and calculates Bouguer, 
Free Air anomalies, and theoretical gravity. These calculations are 
based on the International Gravity Formula.
The first data card for each set of data contains the constants 
used: dial constant, Bouguer correction, free air correction, base 
elevation (usually sea level), and base station observed gravity.
Each following data card is for each station and contains dial dif­
ference, elevation (in feet), station latitude (in decimal degrees), 
and terrain correction. Several groups of data may be processed at 
the same time as long as there is a blank card at the end of each set 
of data. The following pages include a printout of the program, a 
typical set of data, and gravity values obtained for stations in the 
area.
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Table 4. Gravity anomaly values for stations 
in the Flathead Lake Region
TAT bOuüUERANÜi'.ALY
85
FTiELAl i-, 
A> iOi'iAL Y h V (
S T A T I O N
L A T I T U D E
S T A T I C , \ 
LÛ.MGITJDE
191 -131 • 092 -28.721 3 06 5.0 47.0180 114.503
192 -131 .908 -32.042 2 9 3 0.0 47.5230 114.533
193 -134 • 8 4o -36.14 9 2 9 5 5 . Ü 47.3255 114.543
194 -136 .113 -37.416 C.923.Ü 47.8278 114.561
189 -136 .634 -38.173 ^91o.0 47.8332 114.561
182 -134 .006 -36.645 2915.0 47.8478 114.561
181 -130 .779 -32.249 2950.0 47.8458 114.549
180 -130 .427 -18.370 3355.0 47.8567 114.534
189 -136 .628 — 38 • 10 4 291Ü.0 47.8332 114.561
183 -138 .233 -40.305 2932.0 47.8477 114.578
179 — 1 3 6 .163 -38.45b 2925.0 47.8587 114.561
177 -133 .883 -34.552 2974.0 47.8655 114.552
178 -131 .640 -31.240 3006.0 47.8695 114.540
176 — 1 3 o .087 -36.589 2 9 7 9 . 0 47.8705 114.564
176 — 13 3 .986 -31.415 3071.0 47.8690 114.578
190 -131 .650 -32.285 2975.0 47.8333 114.540
189 -136 .661 -38.190 2916.0 47.8332 114.561
188 -134 .659 — 36.764 2928.0 47.8333 114.5b3
187 -134 .69 7 -37.670 2905.0 47.3336 114.604
186 -135 .8^0 — 39.601 2881.0 47.8335 . 114.620
186 -138 .386 -33.343 314^.0 47.8425 114.623
IbO -13ü .669 -24.870 3404.0 47.8496 114.633
167 — 138 .005 -29.769 3240.0 47.8625 114.638
168 -135 .304 -23.514 3347.0 47.8628 114.654
169 -137 .178 -24.119 3385 .0 47.8711 114.663
184 -136 .181 -38.319 2930.0 47.8552 114.619
188 -134 .541 — 36.7 46 2928.0 47.8333 114.583
196 -132 .266 -36.744 2860.0 47.8151 114.608
161 -135 .971 — 33.867 3057.0 47.8188 114.640
167 -134 .262 -39.239 2845.0 47.6008 114.642
166 -132 .790 -35.76J 2905.0 47.8096 114.663
162 -132 .414 — 36.389 ^875.0 47.8300 114.679
163 -131 .944 -28.771 3089.0 47.8323 114.701
164 — 131 .236 — 1 9 . 17b 3:565.0 47.8311 114.720
166 -132 .624 -35.597 2905.0 47.8096 114.663
165 -130 .987 — ̂  0 . 6 b 7 3003.0 47.8061 114.678
196 -130 .76 6 -33.639 2902.0 47.8153 114.623
196 -132 .268 -36.744 2860.0 47.8151 114.608
197 -131 .854 -36.030 2869.0 47.3043 114.604
40 -141 .665 -37.591 3116.0 47.6820 114.120
39 -143 .523 -42.856 3014.0 47.6918 114.109
37 -146 .635 -46.903 2986.0 47.6890 114.090
36 -150 .362 -52.767 2922.0 47.6888 114.068
35 -144 .480 — 46.117 2945.0 47.6925 114.050
34 -140 .844 -42.815 2935.0 47.7058 114.049
29 -135 .657 -34.388 3038.0 47.7295 114.034
30 -139 .565 -40.300 2972.0 47.7323 114.047
31 -141 .836 -44.007 2929.0 47.7323 114.063
33 -140 .459 -39.290 3029.0 47.7425 114.063
26 — 13 4 .953 -37.358 2922.0 47.7695 114.083
s t a t
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STAT
L vJNGJTu D
27 -135.928 -37.63<: 2 > H 3 0 47.7605 114.073
32 -139 .354 -39.655 2985 0 47.7415 114.072
38 -148.620 — 47.6o2 3023 0 47.6996 114.090
40 -141.709 -37.634 3116 0 47.6820 114.120
28 -137.430 — 3 7*464 2993 0 47.7431 114.026
25 -137.365 — 3 7.66 6 2985 0 47.7505 114.020
24 -138.065 -35.059 3084 0 47.7630 114.013
23 -139.621 -36.515 3087 0 47.7733 114.013
22 -139.360 — 40.62 9 2956 0 47.7895 114.015
21 -139.942 -42.815 290c 0 47.8021 114.016
20 -139.554 -42.325 2911 0 47.8208 114.023
19 -133.909 -40.212 2955 0 47.3485 114.039
18 — 140.413 -40.814 2982 0 47.3568 114.037
17 -142.434 — 44.472 ^933 0 47.8736 114.025
278 -141.948 -48.117 2959 0 47.8791 114.028
277 -141.530 -44.326 3057 0 47.8920 114.027
2 76 -141.849 -43.759 3109 0 47.9436 114.028
275 — 141.804 — 4 5 .634 3044 0 47.9565 114.033
274 -141.571 -45.56 7 3054 0 47.9671 114.038
273 -141.545 -48.951 2907 0 47.9806 114. 037
28 -137.456 -37.490 2993 0 47.7431 114.026
272 -140.342 -47.749 2892 0 47.9975 114.045
6 -140.355 — 4 2.619 3031 0 48.0055 114.054
7 -142.046 — 43.081 2978 0 48.0121 114.074
6 -142.831 -39.893 3082 0 48.0293 114.067
5 — 141.070 -41.200 3050 0 48.0420 114.073
4 -142.434 -45.036 2970 0 46.0545 114.054
3 -143.731 -45.999 2971 0 48.0650 114.080
2 -142.413 — 46.653 2697 0 46.0666 114.102
1 -144.390 — 47.730 290U 0 48.0916 114.120
251 — 146.37 7 -49.584 290 J. 0 48.0920 114.131
252 -155.265 -5 8.63 0 ^696 0 48.0955 114.157
253 -154.335 -57.676 2o97 0 48.0953 114.179
254 -145.840 — 48.746 2907 0 48.0953 114.213
272 -144.377 — H 7.7 8 4 ^o92 0 47.9975 114.045
216 — 138 . 8 6 0 — H 2.17 3 ^695 0 47.6987 114.133
215 — 133.426 — 36.700 1 0  95 0 47.6973 114.1^9
214 — 131.718 — 33.789 ^932 0 47.7187 Ii4.l78
213 -132.932 — 3 4 .402 2950 0 47.7330 114.178
212 -132.673 — 3̂ + . 77 7 2931 0 47.7353 114.177
211 -130.035 -29.434 301 ̂ 0 47.7483 114.171
264 — 130.68 9 -29.922 3ul 7 0 47.7657 114.169
265 -132.823 -30.230 2892 0 47.7675 114.141
266 -132.835 -33.888 2964 0 47.7768 114.138
267 -133.724 -37.132 2892 0 47.7907 114.130
268 -132.72 7 -35.967 ^597 0 47.7892 114.151
269 -133.092 -36.499 ^892 0 47.8085 114.154
271 -133.242 -30.537 ^075 0 47.8102 114.185
270 — 130.301 -31.504 29 8 0 47.7848 114.173
215 -133.461 -36.735 2o95 0 47.6973 114. 1:39
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263 — 12 7*69/ — 9.861 352 L .V 47.7660 114.2 h 0
262 — 1 2 6 *166 -16.477 3 4 y- . 0 47.7875 114.239
261 -129 *4lv — ̂ 2 * o 1 o ^o9c: * 0 ^7.8077 114.226
62 -128 .loi — 30.371 2 9 46.0 47.8080 114*271
61 -128 *138 — 31.540 o 9 ̂  . 0 47.799/ ll4*2:/0
60 — 1 2 6 *095 — 2 6*46 3 ^ 6 . 0 47.8142 114.627
39 — 12 6 *938 -2 9.47 7 2 V 1 o . 0 47.6195 114*3 h 7
38 -127 .47 9 - 2 S .450 *.^35.0 47.6337 114.3-46
37 -127 *697 -30.904 o 9 o . 0 4 7.847^ 11^.275
263 -127 *732 -9.890 j>526 .0 47.7680 114.240
36 -129 .337 -31.943 * 2916.0 4 7.869U 114.274
260 -130 *628 -26.491 3 05 8 . 0 47.8745 114.262
230 -132 • 509 -33.075 3007.0 47.8763 114.220
249 -133 .077 — 35.481 2952.0 47.8877 114.213
248 -133 • 96o -32.763 3057.0 47.9020 114.218
247 -137 *005 -37*772 3004.0 47.9105 114.195
246 -136 .732 — 3 6 * 4 9 7 3034.0 47.9153 114.180
245 — 1 3 8 *599 -38*497 3027.0 47.9277- 114.175
244 -141 *179 -42.180 2994.0 47.9492 114.192
258 -139 *919 -43.659 2894.0 48.0227 114.224
257 -140 *065 -44*072 2895.0 48.0387 114*223
256 -141 *117 -45*091 2893.0 48*0750 114.249
255 -140 *793 — 44*600 2895*0 48.0728 114*242
259 -138 • 370 -40.974 2943.0 48.0022 114*213
243 -138 *773 -35.131 3133.0 47*9783 114.198
56 -129 *337 -31.943 2916.0 47*8690 114*274
198 -131 .860 -36.035 2869.0 47*7898 114*604
199 -131 *324 -35*901 2857*0 47*7796 114.604
200 -130 *465 — 36 *17 7 2823*0 47.7673 114*607
202 — 133 *552 -36*625 2902.0 47.7610 114*625
172 -133 *431 -40.646 2778*0 47*7610 114.650
171 -133 *299 — 36.906 2886*0 47.7698 114*646
168 -131 *151 -37.798 2795.0 47.7856 114*639
16 9 -132 *034 -36*844 2850*0 47*7861 114*660
170 -130 .965 -37.846 2788.0 47*7718 114 *664
173 -128 .836 -35.016 2809.0 47.7503 114.670
111 -128 . 186 -30.624 2921.0 47.7348 114.673
174 -125 .990 -27.059 2962.0 47*7540 114.701
119 -131 *684 -39.266 2767.0 47.7362 114.651
118 -132 .632 -36.306 2884.0 47.7142 114.646
117 -131 .485 -35.927 2861.0 47.7032 114.646
121 -131 .944 -37.036 2840.0 47.7030 114.625
120 -129 .992 -34.802 2850.0 47.7117 114.625
82 -130 .736 -36.548 2820 .0 47.7463 114.612
198 -131 .834 -36.009 2869.0 47.7898 114.604
116 -127 .681 -32.057 2863.0 47.7032 114.660
112 -127 .986 -32.264 2 8 6 6.0 47.7247 114.673
113 -123 .470 — IB.09 3 315 5.0 47.7288 114.695
114 -123 .476 .704 3718.0 47.7167 114.705
115 -123 .974 -2 8.317 2864.0 47.7015 114.670
88
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STAT ANOMALY ANOMALY FLEV LAT rTuDF LONGITJD
132 -124.693 — c- 9 * 7 7 0 28'*2 . 0 A 7 . o 6 b 5 11 4 . c> b 8
116 -127.628 -32.004 2 8 5 3 . 0 47.7032 114.660
131 -129.679 — 3 5.05b 2333.0 47.6885 114.646
130 -125.120 -31.300 2809.0 47.6742 1 14.646
133 -122.504 -26.412 2877.0 47.6742 114,668
134 -124.121 -29.999 2818.0 47.6597 114.668
137 -124.133 -24.200 2992.0 47.6607 114.696
138 — 123 .066 -10.542 3369.0 47.6609 1 14.719
139 -122.547 3.504 3774.0 47.6670 114.725
129 -126 .694 -33.007 2805.0 47.6595 114.646
124 -132 .387 -38.233 2 319.0 47.6597 114.625
123 -131 .650 -37.395 2322.0 47.6742 114.625
122 -128.652 -33.929 2836.0 47.6863 114.625
131 — 129 .687 -35.065 2 3 3 3.0 47.6885 114.646
125 -130.501 -37.248 2792.0 47.6450 114.625
128 -121.263 -27.810 2798.0 47.6450 114.646
135 -119.467 -22.774 2895.0 47.6485 114.668
136 -122.586 -25.492 2907.0 47.6488 114.688
140 -122.156 -7.461 3434.0 47.6493 114.716
127 -120.183 -25.828 2825.0 47.6350 114.646
64 -126.680 -34.228 2768.0 47.6163 114.625
126 -124.571 -32.019 2771.0 47.6307 114.625
125 -130.457 -37.205 2792.0 47.6450 114.625
65 -127.532 -34.947 2772.0 47.6088 114.625
66 -123.713 — 30.460 2792.0 47.6090 114.646
63 -119.388 -24.732 2834.0 47.6180 114.657
67 -122.135 -27.747 2826.0 47.6093 114.662
68 -118.259 -20.564 2925.0 47.6008 114.678
71 -117.163 -10.015 3208.0 47.5870 114.678
65 -127.619 -35.034 2772.0 47.6088 114.625
69 -124.221 -31.770 2768.0 47.6018 114.625
70 -119.790 -25.568 2821.0 47.5873 114.625
73 -118.934 -22.108 2899.0 47.5710 114.627
79 -117.555 -2.459 3446.0 47.5520 114.646
74 -119.016 -11.668 3214.0 47.5652 114.645
78 -119.560 -9.474 3296.0 47.5477 114.678
76 -120.547 -.039 3608.0 47.5423 114.709
77 -120.303 .938 3630.0 47.5473 114.698
75 -118.863 5.651 3728.0 47.5620 114.695
72 -116.610 16.688 3991.0 47.5745 114.692
156 -118.456 — 6.800 3343.0 47.5510 114.623
155 -118.348 -11.301 3205.0 47.5475 114.596
69 -124.195 -31.744 2768.0 47.6018 114.604
203 -132.089 -36.665 2857.0 47.7935 114.578
204 -131.186 -28.180 3084.0 47.7933 114.556
205 -128.064 -24.190 3110.0 47.7933 114.545
207 -120.586 -6.058 3429.0 47.7843 114.531
209 -125.547 -2.368 3688.0 47.7758 114.514
208 -125.203 14.141 4172.0 47.7880 114.503
206 -125.945 -11.049 3440.0 47.7958 114.529
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TAT 
1 T^O^
6TAT 
l_ L, . * O I T 1?
1 3 4 -11-.007 -17 ? C c 3 ' ’ * 3 47 5 767 114,572*
14 3 -122.857 -3 1 /̂ 0 8 ^734 C h 1 6025 114,335
142 -126.710 — 35 3 1 27?'- 47 6164 114,540
143 — 12 4 . 3 V 1 -3 3 209 : 7 3 4 7 6162 114.5ol
99 -129.585 -38 363 27'%' 0 4 7 63C8 114,553
241 -139.10/ - 3 4" 86 5  ̂X i. 0 4 7 616/ 114,112
24: -142.931 -39 29 1 J 1 0 Ü 47 6167 114.090
239 -14 1.899 — 6 48 9 3 15 6 0 47 6167 114,067
238 -13 7.5 08 — 3 0 9 2 9 3 1 9 1 0 47 6167 114,033
53 -139.339 -3 2 642 3211 0 47 63 12 114,063
5 2 -137.99? -30 244 3 22 6 0 47 6 312 114,047
50 -141.522 — 32 471 3 2 6 5 c 47 6457 114,047
51 -138.811 -26 32 0 3 3 6 c 0 47 6457 114,037
45 — 14 3 .463 — 3 2 614 3 31'; 0 47 6603 1 14,047
46 -147.909 -35 251 0373 c 47 6603 114,068
43 -150.293 -45 718 3131 c 47 6745 114 ,063
42 — 146.616 -4 5 114 5 03 9 0 47 5745 114,090
44 -144.928 — 44 394 3010 0 47 6810 114,047
47 -143 • 1.48 -36 335 5 1 9 J 0 47 6 4 5 5 114,112
48 -143.695 -3 5 913 3227 0 4 7 6457 114,037
4 9 — 143 .414 -35 466 3232 0 47 64 5 5 114.068
54 — 140.676 -34 599 2 176 0 47 6312 114,090
55 -140 .810 -35 867 5142 : 47 6312 114,112
241 -139 .3,43 -35 101 3121 0 47 6167 114,112
264 - 1 3 7 . 55u -33 008 3 13 0 0 47 6167 114,123
2ac -136.231 — 2 9 735 3 190 0 47 6168 114,155
261 — 13 4.004 -27 524 3 1 S 8 0 47 6168 114,176
282 -130.569 -2 5 459 5147 0 47 6168 114,198
237 -131.230 -28 09 C 3 08 8 0 4 7 6313 114,198
2 36 -129.407 -^9 574 29 8 y: 0 47 6315 114,221
235 -13 0.656 — 3 1 758 2 96 1 0 47 6313 114,141
2 33 -129.077 -31 015 2 9 3 6 0 47 6167 114,241
2 3<+ -130 .556 — 2 9 48 7 3 02 6 0 47 6460 114.241
233 -130.453 -26 679 3107 0 47 6458 114.221
2 32 -131.660 — 23 13 0 3 2 5 0 c 47 6 460 114.198
231 • -1:2.726 — 2 4 744 3233 0 47 6495 114.176
230 -1-^5 .314 -2 5 066 ^211 0 47 6495 114,155
228 -13 7.279 -3 0 7 66 ‘̂ 189 0 47 6457 114,133
229 -13 3.100 -3 0 93 6 3 2 07 0 4 7 6312 114,132
2 7 9 — 136.147 — 3 0 403 3 1 6 6 Û 4 7 616 7 114,133
234 -13 7.173 — 2 631 5 13 0 0 4 7 6167 114,123
227 — 140.734 — 3 ? 8 3 7 3 2 C 2 Û 47 6 601 114,133
226 -137. 14 9 -30 469 1 9 4 0 4 7 6603 114,135
217 -142.012 -31 456 ^310 0 47 6747 114,136
218 -12 0.376 — 2 6 472 305 1 0 4 7 6793 114,160
219 -132.630 — 34 568 2936 0 47 6 0 5 5 114,176
225 -132 .153 -2 4 571 3221 0 47 6 6 50 114,187
22 4 -132 .06.3 -20 841 3330 0 47 6 6 07 114,198
223 -130.607 -22 324 3242 0 47 6605 114,221
222 -130.951 -2 3 403 3 2^0 0 47 6603 114,2 A 1
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221 2 9 352 -22.8*41 3139 0 47.6692 114 233
223 — 3 0 312 -3"% 995 27J4 c 47.6 3 00 114 246
41 — 4 5 658 -34.648 2 32 - 0 47.6725 1 14 112— 734 -33.877 O C 0 47.(601 114 133
16 — 2 9 979 -27.241 207: c ‘t 7 .6360 114 26?
13 — 849 - 2 9 . 1C' 2 01.'4 0 47.6460 114 262
14 — 30 77 5 — -j 2 . 12 9 4 L* Ü 4 7.8313 114 2 e 2
13 — 3 1 260 -33.198 2 9 3 0 J 4 7.6320 1 14 2 84
J02 — 3 2 8 71 — 5 . 5* 4 ‘4 2 9 0 9 0 7 • 6 11 1 114 ? 8
391 — 3 d 104 - fC.313 2 2 D J 0 4 7.6181 114 305
12 — 3 2 347 -3 5.320 290*^ 0 47.6350 114 305
11 — 30 980 -*+0.75 3 2 8 0 1 0 4 7.6350 1 14 321
10 — 37 112 -46.798 2704 0 47.6455 114 324
9 — 41 739 -53.19 3 265 1 0 4 7.6463 114 345
13 — 29 911 -29.577 3C04 0 47.6460 114 262
3C3 — 32 8ie -28.977 2 109 0 47.732J 114 216
3Ü1 — 2 9 592 -22.077 3219 c 4 7.733: 114 241
502 — 32 538 — 2 7*447 2 11;. 0 47.7320 1 14 221
503 — 29 503 -27.032 2 06 5 4 7 . 7 1 c 5 114 221
504 — 23 908 -22.028 320 0 0 47.7185 114 24 1
5u5 — 3 0 SOI -19.713 3 ^ 6 47.7185 114 262
506 — 31 686 -32.976 2 8 3 6 0 4 7.7185 1 14 199
507 — 27 0 04 -28.774 2 94 i 0 47.7980 114 305
508 _ 2 6 75 5 -2 5.4-3 3033 0 4 7.7907 114 305
5 09 — 2 c 751 -2 2. 142 31 12 0 47.7766 114 3 05
51C _ 2 d o79 -20.935 3 168 n 47.7760 114 315
511 — 26 172 -11.309 2439 0 47.7760 114 326
5 12 — 25 094 -6.891 7 53 V c 47.7686 114 3 5 3
5 13 — 2 5 041 -3.509 2 43 9 0 47.75.S7 114 370
514 _ 3 2 773 -22.954 328 3 0 47.7403 114 201
5 15 _ 3i 547 — 18.454 J 3 3 D 0 47.7475 114 221
5 16 _ 2'i 742 -13.712 34 44 0 47.7475 114 2 33
5 1 7 2 6 833 -8.797 3 3 2 4 0 47.7625 114 320
518 2.6 32 6 -3.120 3 6 S 7 0 47.7544 114 327
519 _ 27 634 -24.160 3093 0 47.7179 114 34Ç
5 2 0 _ 30 96 3 -32.467  ̂9 4 9 0 47.7179 114 370
521 _ 2 7 782 — tl r' . 7 2 0 2926 0 47.7179 114 390
522 _ 2 7 05 1 -2 3.C'46 3 08 7 0 47.7179 114 413
52^ 3 3 7 5 3 • -34.919 2960 0 47.7022 114 406
5 2 4 1 1 8 32 -32.402 2947 c 47.6889 114 406
32 5 'U-. 116 -39.757 ^ c 8 5 G 4 7 . 6 Ü 8 9 114 390
5 2 6 __ 3 ' ) 035 -39.14? 2901 0 4 7.6059 114 3 70
527 __ ? J 157 -3 5.762 2918 0 47.6950 114 370
32 9 __ 2 6 072 - 1 2 . 9 1 ^ 3 8 0 c 0 47.7 300 114 347
5 2 '> 21 83 1 -13.391 _y 0 9 i O' 4 7. c 19V 1x4 565
530 — 2 6 130 — 26.698 2 9 / 7 Ü 47.8368 1 J 4 327
53 1 — 28 05 4 -29.590 2 94S 0 47.8666 114 316
5 3 2 ___ 25 347 — 16.161 : 2 h 4 0 4 7.6653 114 J 19
53-= — 2 8 62 3 -iJ.S61. 292 / Ü 47.7035 114 340
534 — 2 8 933 - n  .77 3 2 9 C V 0 47.6890 114 3̂
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535 3*4.39 7 - j 7 7_,L t_ u r -T -.7.-74 3 1 14.5«4S
536 — 40.092 —  4 4 101 28 7* 0 4 7.6 743 114.370
537 — 2 7.648 -2 9 6 20 c92 ) 0 47.6743 114.461
538 — 2 6-46 9 -12 84 2 3402 c 47.7053 114.443
5 39 — 25 .534 — 932 3 7 3'. G 47.7092 114.466
540 — 31.227 -33 5 6 6 2 / 2 4 0 47.6635 114.401
541 — 26.457 -19 8 44 319 2 0 4 7.6635 114.423
542 — 30.352 -12 26 9 '’951 c 4 7.6918 114.187
543 30.416 -22 2 3 4 5 2 3 9 0 4 7.6 896 114.220
544 — 29.507 -in 554 3 2 V 2 c 47.6969 114.221
545 2 9 . 10 1 -2 1 55 3 3220 0 -♦7.6 3 96 114.238
546 — 30.314 —  2 4 02 4 3 1 9 7 0 4 7.6393 114.262
547 — 29.646 — 2 3 066 3191 0 4 7.6394 114.267
548 — 3 0.553 —  A. 1 225 3273 0 47.7039 114.262
549 — 30.302 —  2 5 2u 3^27 0 47.703.9 114.284
550 — 26.8^73 -_C 6 9 6 3 173 0 47.6893 114.284
551 — 2 6.8 50 -22 074 3 137 6 . 47.6822 114.260
552 — 2 7.205 -19 724 3211 0 47.6704 114.284
553 — 27.234 -2 ? 75 4 295C c 47 .6697 1 14.297
5 54 — 2 6.321 -12 9 2 S- 3 3 9 5 0 47.8573 114.316
555 _ 27.400 -37 220 2700 0 4 7.6660 114.303
556 — 27.920 -36 426 273 9 0 47.6582 114.238
557 — 33.311 -4 3 665 26 8 4 0 «47.6565 114.318
558 _ 40.481 -51 904 2652 0 47.6518 114.340
559 — 41 .906 -52 227 2635 0 47.6430 114.355
560 _ 31.289 -'34 93 0 2835 0 47.6308 114.390
561 — 28.066 —  1 6 378 3 3 4 4 0 4 7.8194 114.388
562 — 2 8.983 -18 69 7 3302 0 47.315 7 114.425
563 — 2 9.68 9 -21 206 3248 0 47.2154 114.444
564 — 29.586 -23 374 3130 0 47.3 155 114.465
56 5 — 23.791 -20 952 3079 0 47.8395 114.354
566 24.736 -9 072 3463 0 47.8483 ■ 114.358
567 _ 24.593 16 032 4212 0 47.2639 114.359
568 _ 24.711 20 460 4 5 3 6 c 47.3621 114.398
569 _ 25.766 3 4 353 46 Cw 0 47.3523 114.413
570 _ 26.484 -9 183 3:512 0 4 7.-3,433 114.382
571 _ 26.614 -14 022 337 1 0 47.8338 114.39 9
572 _ 28.557 -20 141 . 3 246 0 47.3296 114.448
573 — 25.253 -12 E5o 3 3 6 4 0 • 47.3451 114.325
5 74 _ 24.245 — 4 5 40 3 5 84 0 47.7753 114.337
575 _ 25.477 — 59 5 37 3 9 0 4 7. 7S74 114.367
576 _ 25.107 ^1 685 4 3 9 5 0 47.7916 114.420
577 — 2 5.219 5 3 40 4 3 3 4 S C' 47.7770 114.441
573 _ 25. 157 57 23 9 5 4 6 1 0 4 7.7550 114.45 6
5 79 — 2 3.491 21 665 4 3 4 6 0 47.7385 114.493
580 _ 24.515 20 273 4 33 5 0 47.7468 114.476
581 _ 23.601 2 5 562 4 -4 6  6 c «47.7413 114.456
582 • ■_ 2^.892 11 410 4 051 0 47 .762J 114.4-»!
583 _ 24 .'3 32 — 717 3716 0 47.7708 114.416
584 — 25.802 5 0 44 9 5 2 77 0 47.8524 114.416
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58S -125.130 42.003 5 0 04 V 47.8 365 114,455
586 -125.556 2 1.603 441^ 0 4 7.8330 114,481
587 -126.035 2 5.23^: 45^9 0 47.7870 114,265
588 -126.258 46.620 5176 Ü 47.7739 114.267
589 -125.345 40.035 496 5 0 47.7984 114.495
590 -126.240 44.934 5 125 0 47.7780 114,485
591 -125.301 ‘+ 6 . 2 0 7 3135 0 ^7.7601 1 14,476
592 -125.004 16.945 4 5 V G /+ 7 . 7 9 5 5 114.399
593 -123.631 — 1 4 * 6 0 4 5414 C 4 7.732 9 114.262
594 -126.250 — 10.566 3 4 6  JÏ 0 '.7.7328 114.278
595 -127.115 -11.952 3 44o 0 •4 7.7 134 1 14,284
596 -126.997 -4.586 3 66 5 0 4 7.7 009 114,262
597 — 12 6.349 -9.34 8 3503 0 47.7326 114.319
598 -124.809 -3.400 3 6 3 5 0 47.7216 114,315
599 -125.713 -3.736 5 o 5 2 0 4 7.7397 114.350
600 -128.353 -27.485 3020 0 4 7.7322 114,390
601 -126.991 -9.791 3 5 09 0 4 7.7321 114,434
602 — 126.114 —  1  6  . 2  6  1 32 6 9 0 47.7471 1 l4,3o3
603 -124.066 -7.734 3463 0 47.7579 114,384
604 -141.426 -52.515 2662 0 47.6275 114,356
605 -138.076 -49.499 2652 0 47.6314 114,370
606 -125.625 -27.429 2940 0 47.5871 114,388
607 — 126.366 -28.838 2920 0 47.6490 114,401
608 — 126.406 -27.876 295C 0 47.6390 114,324
609 -125.515 -26.417 2967 c 47,6840 114,305
610 -124.526 30.547 4643 0 47.6894 114,452
611 -127.806 40.930 5052 0 47.6619 114,454
612 -125.036 4 6.637 5140 V 47.6746 1 1 4 , 4 5 5
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T a b l e  4 . C o n t i n u e d  -  L a k e  s t a t i o n s  ( r e d u c e d  b y  U . S .  A r m y  M a p  S e r v i c e ) .
S T A T I O N
S I M P L E
B O U G U E R
A N O M A L Y
F R E E  A I R  
A N O M A L Y L A T I T U D E L O N G I T U D E
B - 1 - 1 4 9 . 9 0 6 - 5 2 . 4 0 2 4 8 ° 3 .9 0 * 1 1 4 ° 1 0 6 7 '
A - 1 - 1 5 5 . 5 9 2 - 5 8 . 0 0 0 4 8 0 3 .7 3 ' 1 1 4 0  8 2 2 '
B - 2 - 1 5 0 . 0 3 2 - 5 3 . 5 0 2 4 8 0 1 .8 5 ’ 1 1 4 0  9 6 5 '
A - 2 - 1 5 4 . 2 9 7 - 5 8 . 5 9 8 4 8 0 1 .9 9 ’ 1 1 4 °  6 9 0 ’
B - 3 - 1 4 6 . 2 0 0 - 4 9 . 3 6 9 4 8 0 0 . 3 0 ’ 1 1 4 0  8 6 0 '
B - 4 - 1 4 7 . 6 5 6 - 5 0 . 8 8 9 4 7 0 5 8 .6 5 ' 1 1 4 0  7 8 8 '
B - 5 - 1 4 8 . 5 7 6 - 5 2 . 8 9 7 4 7 0 5 6 .9 0 ’ 1 1 4 0  7 6 6 ’
A - 5 - 1 5 6 . 9 8 9 - 6 2 . 5 2 6 4 7 0 5 7 . 2 8 ’ 1 1 4 0  4 4 0 ’
A - 4 - 1 5 4 . 5 2 9 - 5 9 . 9 3 8 4 7 0 5 9 . 0 7 ’ 1 1 4 0  5 0 7 '
A - 3 - 1 5 0 . 4 6 4 - 5 5 . 5 9 1 4 8 0  0 .5 7 ' 1 1 4 0  5 3 7 ’
B - 1 3 - 1 3 8 . 8 1 8 - 4 0 . 5 8 1 4 7 0 4 3 . 4 2 ' 1 1 4 0  7 1 6 ’
A - 1 3 - 1 4 6 . 9 5 2 - 4 8 . 5 4 9 4 7 0 4 3 . 0 2 ’ 1 1 4 °  4 7 5 ’
C - 7 - 1 3 4 . 2 2 4 - 3 5 . 9 7 4 4 7 0 4 4 . 7 3 ’ 1 1 4 0  9 1 0 ’
B - 1 2 - 1 3 6 . 7 2 7 - 3 8 . 5 4 1 4 7 0 4 4 . 6 5 ' 1 1 4 0  7 2 3 ’
B - 1 1 - 1 3 5 . 0 9 7 - 3 9 . 0 2 4 4 7 0 4 6 . 6 0 * 1 1 4 0  5 9 7 ’
C - 8 - 1 3 7 . 1 8 0 - 3 8 . 9 3 0 4 7 0 4 3 . 7 7 ' 1 1 4 0  9 7 0 ’
A - 9 - 1 3 7 . 6 4 8 - 4 2 . 0 1 6 4 7 0 4 7 . 6 0 ’ 1 1 4 0  4 5 2 ’
A - 8 — 1 4 8 . 4 4 6 - 5 3 . 5 8 3 4 7 0 5 1 . 2 5 ’ 1 1 4 0  6 0 3 *
B - 6 - 1 5 0 . 9 0 4 - 5 5 . 4 8 6 4 7 0 5 4 . 8 5 ' 1 1 4 °  6 9 6 ’
C - 1 1 - 1 3 4 . 8 8 2 - 3 8 . 2 8 4 4 7 0 5 1 . 9 5 ’ 1 1 4 ° 1 3 2 5 '
C - 1 2 - 1 3 0 . 6 8 2 - 3 2 . 9 7 1 4 7 0 5 1 . 7 3 ’ 1 1 4 ° 1 5 4 2 '
C - 1 3 - 1 3 1 . 0 7 7 - 3 4 . 6 7 1 4 7 0 4 9 . 5 3 ’ 1 1 4 0 1 4 8 5 ’
C - 1 4 - 1 3 0 . 8 8 7 - 3 4 . 5 7 0 4 7 0 4 8 .8 7 ’ 1 1 4 0 1 7 5 5 *
C - 1 5 - 1 3 1 . 1 6 4 - 3 4 . 7 2 0 4 7 0 4 9 . 7 3 ' I I 4 0 1 6 8 2 ’
C - 1 6 - 1 2 9 . 7 6 6 - 3 2 . 9 8 9 4 7 0 4 9 . 6 5 * I I 4 O I 8 8 7 ’
C - 1 7 - 1 3 7 . 5 4 0 - 4 2 . 1 7 1 4 7 0 5 3 . 4 4 ’ I I 4 0 1 O 1 8 ’
C - 1 8 - 1 3 2 . 3 4 2 - 3 6 . 3 4 2 4 7 0 4 9 . 2 5 ’ 1 1 4 ° 1 2 6 0 ’
C - 1 9 - 1 3 4 . 8 7 6 - 4 0 . 0 2 8 4 7 0 4 8 . 5 0 ’ I I 4 0 1 O 3 5 ’
D - 1 - 1 4 5 . 5 5 4 - 4 9 . 7 4 0 4 7 0 5 8 . 9 7 ’ 1 1 4 °  9 4 0 '
D - 2 - 1 5 2 . 6 1 2 - 6 0 . 1 0 1 4 7 0 5 9 . 0 7 ' 1 1 4 °  3 0 0 '
D - 3 - 1 5 3 . 7 1 4 - 5 8 . 8 3 5 4 7 ^ 5 5 .2 3 ’ 1 1 4 °  2 6 7 ’
D - 4 - 1 4 9 . 6 3 0 - 5 4 . 9 8 2 4 7 0 5 2 . 1 3 ' 1 1 4 °  2 2 0 '
D - 5 - 1 4 3 . 0 7 5 - 4 8 . 2 8 6 4 7 0 4 5 . 7 7 ’ 1 1 4 0  2 9 7 '
D - 6 - 1 4 9 . 5 5 9 - 5 3 . 2 0 9 4 7 0 5 8 .6 2 ' 1 1 4 °  6 9 8 ’
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Table 5. Descriptions of Gravity Base Stations
PABLO BASE STATION (T.21N., R.20W., sec. 11, UEk, NEk):
Bench mark located south of dirt road at north end of Pablo 
and east of Northern Pacific tracks and in line with the right-of-way 
fence. A standard disk, stamped ”P 55 1933” and set in the top of 
a concrete post.
Elevation: 3085 feet. Observed gravity: 980539.683 mgals.
BIG ARM BASE STATION (T.24N. , R.22W., sec. 33, SEH,NE?ï) :
Located 5 feet southwest of large boulder with bench mark 
embedded in its top. The bench mark is located directly east
of a wooden building along the shore of Flathead Lake.
Elevation: 2892 feet. Observed gravity: 980577.105 mgals.
VALLEY VIEW SCHOOL BASE STATION (T.22N., R.21W., sec. 27, SWk.SWk):
Bench mark located along west side of school yard of Valley 
View school. A standard disk set in the top of a concrete post.
Elevation: 2936 feet. Observed gravity : 980557.335 mgals.
APPENDIX B 
INTERPRETATION OF SEDIMENTARY BASINS
The program for the interpretation of sedimentary basin fill based 
on gravity profiles was written by Mr. Sidney Prahl. Originally, the 
program was written in Fortran II for the IBM 1620 computer at the 
University of Montana. In order to reduce computer time, the program 
was revised into Fortran IV for the Sigma 7 at Montana State University 
at Bozeman.
The program is patterned after a similar one written by Bott 
(1960) and calculates the shape of two-dimensional sedimentary basins 
of known density contrast. The method is based on the division of the 
total width of the basin into a series of two-dimensional strips. In 
order to ease computation, the strips are of equal half width. The 
regionally corrected gravity anomaly value observed at the center of 
each strip is obtained from the profile. Calculations involve finding 
the pattern of sedimentary thickness beneath each strip. On the fol­
lowing pages, a flow chart is shown followed by printouts of the data 
for each of the basins. The residual gravity is the difference between 
the observed gravity value and the calculated gravity value. Since 
the program computes the best fit, the computed gravity profile is 
very similar to the original observed profile, minus regional gradient.
TAKLE 6. GENERALI7E0 FLOW CHART FOR THE GRAVITY INTERPRETATION 
OF SEDIMENTARY BASINS
Input data: AOBS(I)T
Initialize values: ACALC = 0, T(I) = 0, MM = 0
Calculate thickness using Bouguer formula
TH » AOBS(I) - ACALC(I)
71Tç,/̂
T(I) = T(I> + TH
ACALC(I) = 0
Calculate exact anomalies:
AACALC * 2G/*( (X-W) log (T<I)^+(X-W) -
2 (X -W)"
(X+W) log (T(I)^ + (XtW)^) + T(I)(atan(X-W) - atan(X+W))J 
2 (X4w F  T(I) T(I)
(Morris and Sultzbach, 1967)
ACALC(I) = ACALC(I) + AACALC
(CALL EXIT
Progressive reduction of residuals and recalculation of 
anomalies using approximation:
TT(I) = AOBS(I) - ACALC(I)
2 G
T(I) = T(I) + TT(I)
AACALC = 2/TT(I)(atan(X-W) - atan(X+W))
T(I) T(I) (Garland, 1965)
ACALC ( I ) * ACALC (I) + AACALC , MM * 1
, . 0
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Table 7. Program for the Gravity Interpretation of Sedimentary 
Baelns
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*50*5 c-o o m a T ( 1 Ml )
0 PFAO( 1 r>c , 1 ÛO ) ICHf ncM , mI|m
IF( I C H * F r i , 0 ) G o  T o  *>0 
O F A H C  l O c  O Ü G )  ( A X (  I ) * 1 = 1 .If»)
HR 1T r ( 1 00 ♦‘>•'̂'5 ̂
W f ? l T r ( l G o , ? C C )  ( AX(  T ) $ 1=1 ,1 A ) 
r S c o t m c m I a o Y  1 AT T AM
r  o A o I  1
C I M D U T  D A T A
O F A D ( l O c , 1 Ü 1 ) W
0 F A D < I 0 q , i 0 9 )  ( A o o S ( I ) * 1= 1 * m U ^ M  
n o  1 I = 1 * m U m  
T( 1 ) = 0 , 0
1 A r A L C ( l ) = 0 . 0
M^^ = 0
7 on fl 1 = 1 *mU‘< ^
T H  = ( A O R S (  I ) - A O A L C l  I) 1 / ( i . 7 7 7 ^ - 0 7 4 ^ 0 ^ ^ )
T( 1 ) = T ( 1 ) + T H  
C T U ) — T H I C K M F F F  no n p p T H
p a c a l c U )  = g , u  
C c a l c u l a t i o n  o f  A m o v A i.Y U S I N G  F X A C T  F0Pi4j| A
n o  7 1 = 1
n o  7 j = i >m U''
P =  I - JX=7.4f^AoS(o )^v;
A A C A l  C = A . 0 A t F - C 7 * D r M 4 f  A R S (  ( { X - ‘'V) / 7 . 4 ^ A L D G (  ( T ( J  ) ( X - W  ) ^^-^7 ) /  { X - M  )
17) - ( X  + W ) / 7* * A L 0G(  ( T (  J ) * # 74. ( X + W ) » * 7) / ( X + W ) # # 7) +  T (  J ) * (  ATA\ | (  ( X - U ) / T (  J 
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102
P E S ü l TS o f  g r a v i t y  I N T E R P R E T A T I O N  OF F F D !V E N T A P Y B A S I N S
o b s e r v e d  A n o m a l y  i s  t h e  v a l u f  t a i tF n  f r o m  t h e  c p o s s - s e c t i o n
r e s i d u a l  A n o m a l y  i s t h e  o i f f f p e n c e  b e t w e e n  t h e  o b s e r v e d  
A n O m A l Y v a l u e  A n d  t h e  c a l c u l a t e d  A n o m A l Y v a l u e  Fo r  t h e  
C o m p u t e d  d e p t h  a t  t h a t  l o c a t i o n  o n  t h e  c r o s s - s e c t i o n
E-W C R O S S - S E C T l O N  T H R O U G H  P OLSON m o R A I n E (A-At) 
h a l f  W I D T H  = lOCC* FT D E N S I T Y  C O N T R A S T  = O.c G/CC
O R S F P V F O  a n o m a l y  r e s i d u a l  a n o m a l y  d e p t h
M I L L I G A L S M I L L I G A L S PT
#700 #00i 74#
} #oOO a» 0 0 0 O 1 AP#
A • 0 00 - .OO q 64 6#
s . 700 — ̂ 044 761#
IO.qOO #1 Of, 7760.
n  #?oo 1 P66#
1 1 #?oo -#0^1 1 70P.
'[ 1 • aOO — #074 1 P7«;#
17 #000 7 7 0 7 #
11.600 -#067 16*^0#
1 ? #600 -#1 O p 1 PC7.
16 #100 #177 7Û77#
1^ #oQ0 -.OOP 7OO0.
1?#000 — .067 ’ 17?#
Q # ÙUU -#^I 1 1717.
A.lOO #v71 767 .
7#00U — # 0  7 4 7 7 0 .
#o0O - # 0 0 7 1 R.
103
E -W C R O S S - S E C T I O N  - S < l D O O  BAY - S E C T I O N  A {3-3*)
'= G/CCw I d t h  s poo. FT D En 3ITY CC NTRAST = C.
p v e d  A n o m A l Y PEG I DUAL AMDMA L Y
M I L L I G A L S MiLLrr - l : FT
.000 2 0 a — 14.
1 .000 SCO 130.
1 .400 000 777.
7 ,400 342.
7 * 4 0 w cc a
c. .OOo — ,C C 4 0 4 7*
R . 70u — , . - 4 1 7 4,
4 .POO — *00 7 C44*
3.900 0 7 476*
7 . p O u 0 0 1 A :: C *
2.000 — * 007 704*
.000 — * 420 — P 4 .
E-W C R O S S - S E C T I O N  - S K I D O O  BAY S E C T I O N  B (C - C •) 
h a l f  w i d t h  « pUC. FT d e n s i t y  C O N T R A S T  = C.c G/CC
DE d THo R S F p VED A n o m A l Y 
M I L L I G A L S
.000 
1 .?ou
7 . SOO 
-a .700 
-a ,PÜÜ 
p . *iOo 
7 .400 
 ̂# 4 0 0  
#400 
.000
r e s i d u a l  a n o m a l y
M I L L I G A L S
- .?74
— . VÜ6
—  * u 0 a 
*^00
• ̂ 1
— . o 1 
.0 Ol 
* u00
— ̂ O U 1 
- .126
-??.
1 1 .
4:0.
4A4.
«=̂ QS.
7a ra , 
74. 
— 1C*
104
E-W C P O S S - S t C  T lOM - CiiNTEP OF f-l A 7Htl Al!< LAKE ( J-E t )
c G/CCWIDTH = T wv V # FT Cl MS I 7 Y CONT ? S T =
OVED A m o m A l Y Po S i d u a l An OMAL Y L 0  P 1 fi
M I L L I G A L S MILLIGALS FT
.000 .45 7 0  .
1 * "^00 — . vJ Ü 7 15 9.
1 . AOU — . V 0 1 1 0 4 .
?.SOG - .001 324.
# 7ÜV . V- 0 1 51 «.
A . «00 . Vv, 1 59C.
5.900 .00? 857.
7.000  ̂J ^ Î ' 45.
5.100 .007 1 2?5.
o. ?00 - .OO 4 19 7 4.
1 O.sOu .-75 157 :.
1 1 .AOv - . ̂  ? 1 1 7 4 5 .
14.000 . v7? 7 140,
14.000 - .??0 1071.
1S .«00 - .149  ̂- 3 4 ,
17 .OOO 4^5"=.
14.500 - .71*^ 7 5 5 -.
1 1 . 7 0 0 — . n o T" 1 1 .
7 . 7 0 0 .CIO 80?,
4 . A 0 O - . ̂  ?A 4 4 0  ,
1 . 7 OO - .'-'51 0 4 .
.000 - 1 .570 -1 5 9 ,
105
F - W  C P O S S - S E C T  InN< -  i o v ' I m F f l A T c  -
h a l f  w i d t h s A V V # FT wITV CCN t!^a:t =
OBSE p VED A m o m A l Y I L/Uf̂ L 'mOVAL Y 0 E P T : 1
MILLIGALS MiLLir- a l s FT
1 ÜU QAA
OGU — ^13 IQ.
7 ] Ov - 1 A1 ,
A "̂ 00 - 'v-» A A A:.
A a g o - Ol ̂ A AP •Q r Oo w ̂ R T A ̂ w «
17 lOv - 7 u ̂ .
1^ q GO u ̂ A ? R AA*
1 GGO - 0 ̂ A 7 7A? .
1 60Ü — IQA ? 7 A 1 ̂
16 300 133 ^AA7,
 ̂A oGu 0 Al ^7:: A.
1 A RUV - 9 7^ ? R ̂ 9 *
13 30U 163 7 61 A*
lO SOO - 080 1^Q3.
A 100 -13 ] : 1 7 *
6 1 Ou  ̂w A 767.
A 700 - A & 8 A ̂
1 oOO - -A1 1 - A .700 -1 v8 7 -FI .
GGO — 1 V A A -0 6.
LO^<o iF-r») 
c G/CC
106
S o u t h e r n  Li ^TL& 1 1 r R R o o T  v a l l l v  (p- p ,)
HALF width = AÛÛ. FT CPMilTY rON'r; A IT = - . e. n/
h B S E r VED A n o m A l Y  P t S l D u A L  A n o v A l y  JtoTn
M I L L I G A L S M I L L I - ' L S FT
. 0 0 0 - * O q p — A *
• ?oo * 0  J 1
• a o o 7 ^ *
1 . 5 0 0 • -07 2 1 0 *
7 * 4 0 0 * 0 0 4
n. * pOO — * wv-i R R ̂  c *
S . 4 0 U *uOi 1 1 C 7*
4 . 7 0 0 — * 0  1 R 71 I *
1 **^00 — *'-<■ 9 1 4 6 #
* 7 0 0 * 0 0 4 7 7 *
* 9 0 0 * 0 0 ?
* OOu ^A — 11#
NW- SE c r o s s - s e c t i o n  -  GARCEAU GULCH ( G - G t ) 
h a l f  w i d t h  C 1 0 0 0 .  FT D E N S I T Y  CONTRAST = G/ CC
OBSERVED An o m A l Y 
m i l l i g a l s
• 000 
1 *000 
A*000 
4#700 
S. ?oo 
A • 1 Ou 
1 #900 
.000 
• 000
r e s i d u a l  ANQm A i y
MILLIGALS
— • 2 ) A
01 
.OC 4
— * 0 0 A
-•'-11
* vO? 
* 0 0 ? 
,coo 
-.1^0
DEOTH
FT
-1 A*
1 1 *’•
4 A A *
ai
9 *
A?Q.
1 2 2 *
107
c e n t r a l  l i t t l e  B I T T E QR O OT  v a l l e y  ( H - H f )  
h a l f  w i d t h  =  p o o ,  FT DEn S I T ' t CONTPAST = G / C
OBSERVED a n o m a l y RESIDUAL a n o m a l y u EPTH
MILLIGALS MILLI<"-ALS FT
,000 -,1P« — 11.
,a OO — , L, C 1 77,
1 ,«00 ,000
?,;?00 , V s/ 0 3 A9.
? , A 00 ,000 4*^6.
7 ,Q00 ,001 453,
A,000 ,001 45R,
-a,?00 -,00i 439,
4 • *>00 ,000 767,
*?,000 -,uOl 85-,
«>,100 — , 001 833,
« , ?oo - , 0 0 p P8 1 ,
«,000 -,00i ftp6.
4,000 ,000
2.P0U ,uO? 414.
1 ,400 — , 0 0 ? ] 80,
,400 , O Û 1 57,
,000 -,190 — 15,
N—S CROSS- SECTION - BIG DRAW (I-I f )
WIDTH s pOO, FT d e n s i t y  C O N T R A S T  = 0,«
PVED a n o m a l y r e s i d u a l  a n o m a l y DEPTH
MILLIGALS M I L L I G A L S FT
,000 -.,Û«P — 7 ,
,400 ,uüO 5^.
,P00 ,000 1 1 0,
1 .POO ,000 ??o.
?,?oo ,000 374,
^ , ?00 ,001 «^17.
, oOO -,CÛ1 646,
4 , poo — , 0 01 7 4 9 ,
4  • 1 00 — , 0 0 1 659,
4 . 0 0 0 — . 0 0 1 7 O 3 ,
P , 0 0 0 ,001 4«5,
?, ? o o ,UÜ0 3?R,
I.a OO ,000 739.
,900 ,000 1?7,
, P 0 0 ,000 36.
, 0 0 0 — , u p 7 — 7 ,
REFERENCES CITED
Âlden, W.C., 1953, Physiography and glacial geology of western Montana: 
U.S. Geol. Survey Prof. Paper 231, 190p.
Bott, M.H.P., 1960, The use of rapid digital computing methods for
direct interpretation of sedimentary basins: Geophysical Journal,
V .  3 ,  p. 63-67.
Burchfiel, B.C., 1965, Structural geology of the Spector Range quadrangle 
and its regional significance: Geol. Soc. Am. Bull., v. 76,
p. 175-192.
Cook, K.L., e^ a^. , 1964, Regional gravity survey of the northern Great 
Salt Lake Desert and adjacent areas in Utah, Nevada, and Idaho:
Geol. Soc. Am. Bull., v. 75, p. 715-740.
Daly, R.A., 1909, The nomenclature of the North American Cordillera 
between the 47th and 53rd parallels of latitude: Geographical 
Jour. ,  V .  27, p. 586-606.
Decker, G.L., 1968, Preliminary report on the geology, geochemistry, 
and sedimentology of Flathead Lake, northwestern Montana:
Unpublished Masters Thesis, University of Montana, 91 p.
Deer, W.A., Howie, R.A., and Zussman, J., 1962, Rock Forming Minerals, 
Volume 3, Sheet Silicates: John Wiley and Sons, New York, 270p.
Donath, F.A., 1962, Analysis of BasIn-Range structure, south-central 
Oregon: Geol. Soc. Am. Bull., v. 73, p. 1-16.
Garland, G.D., 1965, The Earth's Shape and Gravity: Pergamon Press, 
Oxford, 183p.
and Kanasewlch, E.R., 1961, Gravity measurements over the
southern Rocky Mountain Trench area of British Columbia : Jour. 
Geophy. Res., v. 66, p. 2495-2505.
Hall, F.W., 1962, Geology of the northwest Pleasant Valley quadrangle,
Montana : Unpublished Masters Thesis, University of Montana, 6Op.
Hammer, S., 1939, Terrain corrections for gravimeter stations:
Geophysics, v. 4, p. 184-194.
Harrison, J.E., and Campbell, A.B., 1963, Correlations and problems 
In Belt stratigraphy, northern Idaho and western Montana :
Geol. Soc. Am. Bull., v. 74, p. 1413-1428.
Hubbert, M.K., 1951, Mechanical basis for certain famllar geologic 
structures: Bull. Geol. Soc. Am., v . 62, p. 355—372.
109
Johns, W.M., 1964, Progress report on geologic investigations in the 
Kootenal-Flathead area, northwestern Montana: 6. southeastern 
Flathead county and northern Lake county: Mont. Bureau of Mines 
and Geol. Bull. 42, 66p.
Johns, W.M. , e^ aJL. , 1963, Geologic investigations in the Kootenal- 
Flathead area, northwestern Montana, Progress report 5:
Mont. Bureau of Mines and Geol. Bull. 36, 68p.
King, E.R., et al., 1970, Geologic implications of aeromagnetic data 
in the Pend Oreille area, Idaho and Montana: U. S. Geol. Survey 
Prof. Paper 646-D, 17p.
Konizeski, R.L., et al., 1968, Geology and groundwater resources of 
the Kalispell Valley, northwestern Montana: Mont. Bureau of 
Mines and Geol. Bull. 68, 42p.
Lamb, A.T., and Smith, D.W., 1962, Refraction profiles over the
southern Rocky Mountain Trench area of British Columbia: Jour. 
Alberta Soc. Pet. Geol., v. 10, p. 428-437.
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